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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a feed-forward 
amplifier of a type preventing unwanted waves from be- 
ing outputted in an initial operation of the amplifier, suit- 
able for use in a radio transmitter-receiver in a radio 
communication system. 

[0002] Several types of feed-forward amplifiers are 
known by the prior art. 

[0003] WO-A-86/04469 discloses a high-power linear 
amplifier including means for automatic reduction of in- 
termodulation products. For this purpose a distortion 
simulating pilot signal is injected at the input of an am- 
plifier which uses feed-forward distortion connection. 
[0004] EP-A-0 557 929 discloses a control circuit for 
an automatically controlled feed-forward amplifier. 
[0005] WO-A-93/1 9524 discloses a feed-forward am- 
plifier network employing a pilot signal in order to reduce 
the distortion generated by the main amplifier. 
[0006] EP-A-0 466 123 discloses a feed-forward am- 
plifier including a pilot signal and corresponding attenu- 
ator. 

[0007] US-A-4.926, 1 34 discloses a feed-forward con- 
stellation amplifier using monitor signals used to meas- 
ure the status of all individual components of the ampli- 
fier. 

[0008] in recent years, an amplifier of a feed-forward 
type (a feed-forward amplifier) has been developed for 
the purpose of remedy for non-linear distortion appear- 
ing in the amplifier. This amplifier, however, has a diffi- 
culty to ensure a sufficient distortion compensating 
quantity until a feed-forward control becomes stable af- 
ter a start-up of the amplifier, and is not able to suffi- 
ciently suppress a pilot signal used for the control. 
[0009] These unwanted waves are contained in an 
output of the amplifier, causing signal waves at unnec- 
essary frequencies to be outputted. In particular, if the 
feed-forward amplifier is used as a power amplifier for 
a radio transmitter-receiver, it Is necessary to provide a 
function to prevent such unwanted waves from being 
outputted in an initial operation after a start-up of the 
system until the feed-forward control becomes stable. 
[0010] A typical feed-forward amplifier includes, for 
example, a switch disposed at an output of the amplifier 
functioning to prevent such unwanted waves from being 
outputted. During an initial operation from a start-up of 
the amplifier until the feed-forward control becomes sta- 
ble, the switch is OFF, in order to prevent unwanted 
waves from being outputted. After the feed-forward con- 
trol gets into a stable condition, the switch is controlled 
to be ON to start a transmission. 
[0011] If such typical feed-forward amplifier is used 
as a power amplifier in a radio transmitter-receiver, a 
transmitting output level of the power amplifier is spec- 
ified by an output of the radio transmitter-receiver. If a 
switch to prevent unwanted waves from being outputted 



as above is interposed somewhere on the side of an out- 
put of the amplifier, it is necessary to increase an output 
level of the amplifier in order to compensate a power 
loss caused from the interposition of the switch. The in- 
5 creased output level next causes an increase in satu- 
rated output level of the amplifier and an increase in 
power consumption. 

[0012] It is therefor the object of the present invention 
to provide an amplifier of the said mentioned above, that 
10 prevents the generation of invented waves in an initial 
operation after start up without causing power losses. 

SUMI^ARY OF THE INVENTION 

IS [001 3] The present invention provides a feed-forward 
amplifier where an output control during an initial oper- 
ation of the apparatus is implemented in a first stage of 
a main amplifier without a switch heretofore employed, 
thereby reducing a power loss in the course from an out- 

20 put of the main amplifier to an output of the apparatus 
and a power consumption in the apparatus. 
[0014] This object is solved by the features of claim 
1 . Further aspect of the inventive solution result from the 
features of the subclaims 2-12. 
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BRIEF DESCRIPTtON OF THE DRAV\/INGS 
[0015] 

30 FIG. 1 is a block diagram of a feed-forward amplifier 
illustrating a first aspect of this invention; 
FIG. 2 is a block diagram of a feed-f onward amplifier 
illustrating a second aspect of this invention; 
FIG. 3 is a block diagram of a feed-f onward amplifier 

3s illustrating a third aspect of this inventk>n; 

FIG. 4 is a block diagram of afeed-fonvard amplifier 
according to a first embodiment of this invention; 
FIG. 5 is a block diagram of a control unit of the feed- 
fonward amplifier according to the first embodiment; 

^0 FIG. 6 is a graph showing a reference used to judge 
an input of the main signal in the feed-forward am- 
plifier according to the first embodiment; 
FIG. 7 is a flowchart Illustrating an operation of the 
feed-f onward amplifier according to the first embod- 

^5 iment; 

FIGS. 8A through 8E are a timing chart illustrating 
the operation of the feed-forward amplifier accord- 
ing to the first embodiment; 
FIG. 9 is a block diagram of a feed-forward amplifier 

50 according to a first modification of the first embodi- 
ment of this invention; 

FIG. 10 is a block diagram of a control unit of the 
feed-forward amplifier according to the first modifi- 
cation of the first embodiment; 
FIG. 11 is a graph illustrating an operation of the 
feed-forward amplifier according to the first modifi- 
cation of the first embodiment; 
FIG. 12 is a flowchart Illustrating the operation of 
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the feed>forward amplifier according to the first 
modification of the first embodiment; 
FIG. 1 3 is a block diagram of a control unit of a feed- 
forward amplifier according to a second modifica- 
tion of the first embodiment of this invention; 5 
FIG. 14 is a graph illustrating an operation of the 
feed-forward amplifier according to the second 
modification of the first embodiment; 
FIG. 15 is a flowchart illustrating the operation of 
the feed-forward amplifier according to the second io 
modification of the first embodiment; 
FIG. 1 6 is a block diagram of a control unit of a feed- 
fonvard amplifier according to a third modification 
of the first embodiment of this invention; 
FIG. 1 7 is a flowchart illustrating an operation of the is 
feed-forward amplifier according to the third modi- 
fteation of the first embodiment; 
FIG. 1 8 is a block diagram of a control unit of a feed- 
forward amplifier according to a fourth modification 
of the first embodiment of this invention; 20 
FIG. 1 9 is a flowchart illustrating an operation of the 
f eed-fonvard amplifier according to the fourth mod- 
ification of the first embodiment; 
FIG. 20 is a graph showing a reference used to 
judge an input of the main signal in a feed-forward 25 
amplifier according to a fifth modification of the first 
embodiment of this invention; 
FIG. 21 is a graph showing the reference used to 
judge an input of the main signal in thefeed-fonward 
amplifier according to the fifth modiffcation of the 30 
first embodiment; 

FIG. 22 is a flowchart illustrating an operation of the 
feed-fonward amplifier according to the fifth modifi- 
cation of the first embodiment; 
FIG. 23 is a block diagram of a control unit of a feed- 3s 
forward amplifier according to a sixth modification 
of the first embodiment of this invention; 
FIG. 24 is a flowchart illustrating an operation of the 
feed-forward amplifier according to the sixth modi- 
fication of the first embodiment; 40 
FIG. 25 is a block diagram of a control unit of a feed- 
forward amplifier according to a second embodi- 
ment of this invention; 

FIG. 26 Is a flowchart Illustrating an operation of the 
feed-forward amplifier according to the second em- 
bodiment of this Invention; 
FIGS. 27A through 27E are a timing chart Illustrat- 
ing the operation of the feed-fonvard amplifier ac- 
cording to the second embodiment; 
FIG. 28 is a block diagram of a feed-forward ampli- so 
fier according to a third embodiment of this Inven- 
tion; 

FIG. 29 is a block diagram of a feed-forward ampli- 
fier according to a fourth embodiment of this inven- 
tion; 55 
FIG. 30 Is a flowchart illustrating an operation of the 
feed-fonward amplifier according to the fourth em- 
bodiment; 
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FIG. 31 is a block diagram of a feed-fonward ampli- 
fier according to a modification of the fourth embod- 
iment of this invention; 

FIG. 32 is a block diagram of a feed-forward ampli- 
fier according to a fifth embodiment of this invention; 
FIG. 33 is a flowchart illustrating an operation of the 
feed-forward amplifier according to the fifth embod- 
iment; and 

FIG. 34 is a block diagram of a feed-forward ampli- 
fier according to a modification of the fifth embodi- 
ment of this invention. 

DESCRIPTION OF THE PREFERRED 

EMBODIMEfgrS 

(a) Description of Aspects of the Invention: 

[0016] FIG. 1 1s a block diagram of a feed-forward am- 
plifier according to a first aspect of this invention, where 
reference numeral 1 denotes a main amplifier whtoh am- 
plifies a main signal in a main signal path. 
[0017] Reference numeral 3 denotes a distortion ex- 
tracting loop circuit which supplies a pilot signal fed from 
a pilot signal generator 2 to the main signal path, and 
generates a main signal cancelling signal to cancel the 
main signal outputted from the main amplifier 1 . 
[001 8] Reference numeral 4 denotes a distortion elinv 
Inatlng loop circuit which obtains a signal, in which com- 
ponents of the main signal in an output of the main am- 
plifier 1 have been cancelled on the basis of an output 
of the main amplifier 1 and the main signal cancelling 
signal from the distortion extracting loop circuit 3» and 
outputs components of the main signal obtained from a 
signal in the main signal path in the rear stage of the 
main amplifier 1 . 

[0019] The feed-forward amplifier according to the 
first aspect of this invention further comprises a pilot sig- 
nal variably attenuating unit 5 which can attenuate the 
pilot signal fed to the main signal path in the front stage 
of the main amplifier 1 , a main signal variably attenuat- 
ing unit 6 which can attenuate the main signal in the 
main signal path in the front stage of the main amplifier 
1 , a power source start-up detecting means 8 which de- 
tects a start-up of a power source of the main amplifier 
1 , a main signal detecting means 9 which detects an 
Input of the main signal, and a control unit 7 which con- 
trols the pilot signal variably attenuating unit 5 so as to 
gradually decrease an attenuation quantity of the pilot 
signal after a start-up of the power source of the main 
amplifier 1 with use of results of detection conducted by 
the power source start-up detecting means 8 and the 
main signal detecting means 9 as timing information, 
then controls the main signal variably attenuating unit 6 
so as to gradually decrease an attenuation quantity of 
the main signal after the pilot signal variably attenuating 
unit 5 has decreased an attenuation quantity of the pilot 
signal. 

[0020] The pilot signal variably attenuating unit 5 is 
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positioned in the main signal path in the front stage of 
the main amplifier as Indicated by a solid line in FIG. 1 . 
It is also possible to position the pilot signal variably at- 
tenuating unit 5 in a part on a side of the output of the 
pilot signal generator 2 branched from the main signal 
path in the front stage of the main amplifier 1 as indicat- 
ed by a dot-dash tine In FIG. 1 . 
[0021 ] In the feed-forward amplifier according to the 
first aspect of this invention, the control unit 7 may in- 
clude a pilot signal attenuation quantity control means 
which controls the pilot signal variably attenuating unit 
5 so as to gradually decrease an attenuation quantity of 
the pilotslgnalwhenthepowersource start-up detecting 
means detects a start-up of the power source of the 
main amplifier 1 and the main signal detecting means 
detects an input of the main signal, and a main signal 
attenuation quantity control means which controls the 
main signal variably attenuating unit 6 so as to gradually 
decrease an attenuation quantity of the main signal after 
the pilot signal attenuation quantity control means has 
decreased an attenuation quantity of the pilot signal. 
[0022] The control unit 7 nnay, othenvise, Include a pi- 
lot signal attenuation quantity control means which con- 
trols the pilot signal variably attenuating unit 5 so as to 
gradually decrease an attenuation quantity of the pilot 
signal when the power source start-up detecting means 
8 detects a start-up of the power source of the main am- 
plifier 1 , and a main signal attenuation quantity control 
means which controls the main signal variably attenu- 
ating unit 6 so as to gradually decrease an attenuation 
quanti^ of the main signal when the main signal detect- 
ing means 9 detects an input of the main signal after the 
pilot signal attenuation quantity control means has initi- 
ated an operation to decrease an attenuation quantity 
of the pilot signal. 

[0023] In the above case, if the main signal detecting 
means 9 detects an Input of the main signal before an 
attenuation quantity of the pilot signal decreased by the 
pilot signal attenuation quantity control means drops be- 
low a predetemiined value, the main signal attenuation 
quantity control means so controls the main signal var- 
iably attenuating unit 6 as to gradually decrease an at- 
tenuation quantity of the main signal after an attenuation 
quantity of the pilot signal decreased by the pilot signal 
attenuation quantity control means has dropped below 
the predetenmlned value. 

[0024] The power source start-up detecting means 8 
may be formed as a power-on reset circuit which detects 
a start-up of the power source of the main amplifier 1 , 
and the main signal detecting means 9 may be formed 
as a main signal detecting circuit which detects an Input 
of the main signal. The control unit 7 may include a pilot 
signal attenuation quantity control circuit having a first 
switch-type control circuit and a first time-constant cir- 
cuit controls the pilot signal variably attenuating unit so 
as to gradually decrease an attenuation quantity of the 
pilot signal when the power-on reset circuit detects a 
start-up of the power source of the main amplifier 1 and 



the main signal detecting circuit detects an input of the 
main signal, and a main signal attenuation quantity con- 
trol circuit having a second switch-type control circuit 
and a second time-constant circuit controls the main sig- 
5 nal variably attenuating unit 6 so as to gradually de- 
crease an attenuation quantity of the main signal after 
the pilot signal attenuation quantity control unit has de- 
creased an attenuation quantity of the pilot signal. Oth- 
erwise, the power source start-up detecting means 8 
10 may be fomned as a power-on reset circuit which detects 
a start-up of the power source, and the main signal de- 
tecting means 9 may be fomned as a main signal detect- 
ing circuit which detects an Input of the main signal. The 
control unit 7 may include a pilot signal attenuation 
IS quantity control circuit having a first switch-type control 
circuit and a first time-constant circuit controls the pilot 
signal variably attenuating unit 5 so as to gradually de- 
crease an attenuation quantity of the pilot signal when 
the power-on reset circuit detects a start-up of the power 
20 source of the main amplifier 1 , and a main signal atten- 
uation quantity control circuit having a second switch- 
type control circuit and a second time-constant circuit 
controls the main signal variably attenuating unit 6 so 
as to gradually decrease an attenuation quantity of the 
main signal when the main signal detecting circuit de- 
tects an Input of the main signal after the pilot signal 
attenuation quantity control circuit has decreased an at- 
tenuation quantity of the pilot signal. 
[0025] In the above case, if the main signal detecting 
circuit detects an input of the main signal before an at- 
tenuation quantity of the pilot signal decreased by the 
pilot signal attenuation quantity control circuit drops be- 
low a predetennined value, the main signal attenuation 
quantity control circuit so controls the main signal vari- 
ably attenuating unit 6 as to gradually decrease an at- 
tenuation quantity of the main signal after the attenua- 
tion quantity of the pilot signal decreased by the pilot 
signal attenuation quantity control circuit has dropped 
below the predetermined value. 
[0026] The main signal detecting means 9 may have 
an Input signal detecting means which detects an input 
signal Inputted to the front stage of the main amplifier 1 , 
a judging means which judges that the main signal has 
been inputted when the input signal detected by the In- 
put signal detecting means exceeds a first reference val- 
ue set to a level smaller than a level of the Input signal 
at the time of the minimum Input. The main signal de- 
tecting means 9 may also have an output signal detect- 
ing means which detects an output signal from the rear 
stage of the main amplifier 1 , and a judging means which 
Judges that the main signal has been inputted when the 
output signal detected by the output signal detecting 
means exceeds a second reference value set to a level 
smaller than a level of the output signal at the time of 
the minimum input. The main signal detecting means 9 
may also have a main signal cancelling signal detecting 
means which detects a main signal cancelling signal fed 
from the distortion extracting loop circuit, and a judging 
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means which judges that the main signal has been in- 
putted when the main signal cancelling signal detected 
by the main signal cancelling signal detecting means ex- 
ceeds a third reference value set to a level smaller than 
a signal cancelling marginal level at the time of the min- 
imum input. 

[0027] in the feed-forward amplifier according to the 
first aspect, as shown in FIG. 1 , the distortion extracting 
loop circuit 3 supplies the pilot signal fed from the pilot 
signal generator 2 to the main signal path and generates 
the main signal cancelling signal to cancel the main sig- 
nal outputted from the main amplifier 1 . The distortion 
eliminating loop circuit 4 disposed In the rear stage of 
the main amplifier 1 obtains a signal in which compo- 
nents of the main signal in an output of the main amplifier 
1 have been cancelled on the basis of the output of the 
main amplifier 1 and the main signal cancelling signal 
from the distortion extracting loop circuit 3, and outputs 
the components of the main signal obtained from a sig- 
nal in the main signal path In the rear stage of the main 
amplifier 1 , with use of the signal In which the compo- 
nents of the main signal have been cancelled. 
[0028] The control unit 7 controls the pilot signal var- 
iably attenuating unit 5 so as to gradually decrease an 
attenuation quantity of the pilot signal with use of results 
of detection conducted by the power source stat-up de- 
tecting means and the signal detecting means 9 as tim- 
ing infomriation after a start-up of the power source of 
the main amplifier 1 , then controls the main signal vari- 
ably attenuating unit 6 so as to gradually decrease an 
attenuation quantity of the main signal after an attenu- 
ation quantity of the pilot signal has been decreased, 
thereby preventing unwanted waves from being output- 
ted in an initial operation of the feed-forward amplifier. 
[0029] In the feed-forward amplifier according to this 
invention, when the power source start-up detecting 
means 8 detects a start-up of the power source and the 
main signal detecting means 9 detects an input of the 
main signal, the control unit 7 so controls the pilot signal 
variably attenuating unit 5 as to gradually decrease an 
attenuation quantity of the pilot signal. After the pilot sig- 
nal attenuation quantity control means has decreased 
an attenuation quantity of the pilot signal, the main sig- 
nal attenuation quantity control means so controls the 
main signal variably attenuating unit 6 as to gradually 
decrease an attenuation quantity of the main signal, 
thereby preventing unwanted waves from being output- 
ted in the initial operation of the feed-forward amplifier. 
[0030] In the feed-fonward amplifier according to this 
invention, when the power source start-up detecting 
means 8 detects a start-up of the power source of the 
main amplifier 1, the pilot signal attenuation quantity 
control means so controls the pilot signal variably atten- 
uating unit 5 as to gradually decrease an attenuation 
quantity of the pilot signal, the main signal attenuation 
quantity control means then so controls the main signal 
variably attenuating unit 6 as to gradually decrease an 
attenuation quantity of the main signal when the main 



signal detecting means detects an input of the main sig- 
nal after the pilot signal attenuation quantity control 
means has initiated an operation to decrease an atten- 
uation quantity of the pilot signal. 
s [0031] In the above case, if the main signal detecting 
means detects an input of the main signal before an at- 
tenuation quantity of the pilot signal decreased by the 
pilot signal attenuation quantity control means drops be- 
low a predetemiined value, the main signal attenuation 
10 quantity control means so controls the main signal var- 
iably attenuating unit 6 as to gradually decrease an at- 
tenuation quantity of the main signal after an attenuation 
quantity of the pilot signal decreased by the pilot signal 
attenuation quantity control means has dropped below 
^5 the predetemiined value. 

[0032] In the feed-fonvard amplifier according to this 
invention, when the power-on reset circuit detects a 
start-up of the power source of the main amplifier 1 and 
the main signal detecting circuit detects an Input of the 
20 nnain signal, the control unit 7 so controls the pilot signal 
variably attenuating unit 5 as to gradually decrease an 
attenuation quantity of the pilot signal, then so controls 
the main signal variably attenuating unit 6 as to gradu- 
ally decrease an attenuation quantity of the main signal 
25 after the pilot signal attenuation quantity control circuit 
has decreased an attenuation quantity of the pilot signal, 
thereby preventing unwanted waves from being output- 
ted In the initial operation of the feed-fonvard amplifier. 
[0033] In the feed-forward amplifier according to this 
30 invention, when the power-on reset circuit detects a 
start-up of the power source of the main amplifier 1 , the 
pilot signal variably attenuating unit 5 is so controlled as 
to gradually decrease an attenuation quantity of the pilot 
signal. On the other hand, when the main signal detect- 
35 ing circuit detects an input of the main signal after the 
pilot signal attenuation quantity control circuit has initi- 
ated an operation to decrease an attenuation quantity 
of the pilot signal, the main signal attenuation quantity 
control circuit so controls the main signal variably atten- 
40 uating unit 6 as to gradually decrease an attenuation 
quantity of the main signal. 

[0034] In the above case, if the main signal detecting 
circuit detects an Input of the main signal before an at- 
tenuation quantity of the pilot signal decreased by the 

45 pilot signal attenuation quantity control circuit drops be- 
low a predetemiined value, the main signal attenuation 
quantity control circuit so controls the main signal vari- 
ably attenuating unit 6 as to gradually decrease an at- 
tenuation quantity of the main signal after an attenuation 

50 quantity of the pilot signal decreased by the pilot signal 
attenuation quantity control circuit has dropped below 
the predetemiined value. 

[0035] In the main signal detecting means 9, the input 
signal detecting means detects an input signal to the 
55 front stage of the main amplifier 1 . The Judging means 
judges an input of the main signal when an Input signal 
detected by the input signal detecting means exceeds 
a first reference value set to level smaller than a level 
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of the input signai at the time of the minimum Input, 
whereby a highly-accurate detection of the main signal 
Is feasible. 

[0036] Further, the output signal detecting means de- 
tects an output signai from the rear stage of the main 
amplifier 1. The judging means judges an input of the 
main signal when the output signal detected by the out- 
put signai detecting means exceeds a second reference 
value set to a level smaller than a level of the output 
signal at the time of the minimum Input, whereby a hlgh- 
ly-aocruate detection of the main signal is feasible. 
[0037] Still further, the main signal cancelling signal 
detecting means detects the main signal cancelling sig- 
nal outputted from the distortion extracting loop circuit 
3. The judging means judges an input of the main signal 
when the main signal cancelling signal exceeds a third 
reference value set to a level smaller than a signal can- 
celling marginal level at the time of the minimum input, 
whereby a highly-accurate detection of the main signal 
is feasible. 

[0038] FIG. 2 Is a block diagram showing another 
feed-forward amplifier according to a second aspect of 
this Invention. The feed-forward amplifier shown in FIG. 
2 comprises a main amplifier 1, a pilot signal generator 
2, a distortion extracting loop circuit 3, a distortion elim- 
inating loop circuit 4, a pilot signal variably attenuating 
unit 5, a main signal variably attenuating unit 6, and a 
power source start-up detecting means 8, which have 
the same functions as those in the feed-forward ampli- 
fier according to the first aspect of this invention (refer- 
ring to FIG. 1). 

[0039] In FIG. 2, reference numeral 103 denotes a 
first main signal detecting means. The first main signal 
detecting means 103 comprises a main signal cancel- 
ling signal detecting means 101 which detects a main 
signal cancelling signal fed from the distortion extracting 
loop circuit 3, and a judging means 102 which judges 
an Input of the main signal when the main signal can- 
celling signal detected by the main signal cancelling sig- 
nal detecting means 1 01 exceeds a fourth reference val- 
ue set to a level smaller than a signai cancelling mar- 
ginal level at the time of the minimum input. 
[0040] Reference numeral 107 denotes an initial op- 
eration control unit. The Initial operation control unit 1 07 
so controls the pilot signal variably attenuating unit 5 as 
to gradually decrease an attenuation quantity of the pilot 
signai with use of results of detection conducted by the 
power source start-up detecting means 8 and the first 
main signal detecting means 103 as timing information 
after a start-up of the power source of the main amplifier 
1 , then 80 controls the main signal variably attenuating 
unit 6 as to gradually decrease an attenuation quantity 
of the main signal after the pilot signal variably attenu- 
ating unit 5 has decreased an attenuation quantity of the 
pilot signal. 

[0041] Reference numeral 108 denotes a main con- 
trol unit. The main control unit 1 08 controls the distortion 
extracting loop circuit 3 and the distortion eliminating 



loop circuit 4 after a control by the initial operation con- 
trol unit 107, while watching a failure condition of the 
main amplifier 1 on the basis of a result of detection by 
the second main signal detecting means 106. 

s [0042] It Is possible to additionally provide a failure 
alarming means which outputs information that the main 
amplifier 1 is In trouble depending on results of the de- 
tection by the first main signal detecting means 1 03 and 
the second main signal detecting means 106. 

10 [0043] In the feed-forward amplifier according to the 
second aspect of this invention, as shown In FIG. 2, the 
distortion extracting loop circuit 3 supplies the pilot sig- 
nal fed from the pilot signal generator 2 to the main sig- 
nal path and generates the main signal cancelling signal 

IS to cancel components of the main signal outputted from 
the main amplifier 1 , the distortion eliminating loop cir- 
cuit 4 disposed in the rear stage of the main amplifier 1 
obtains a signal in which the components of the main 
signal in an output of the main amplifier 1 have been 

20 cancelled on the basis of the output of the main amplifier 
1 and the main signal cancelling signal from the distor- 
tion extracting loop circuit 3 and outputs the components 
of the main signal obtained from a signal in the main 
signal path in the rear stage of the main amplifier with 

25 use of the signal in which the components of the main 
signal have been cancelled. 

[0044] The main signal cancelling signal detecting 
means 101 in the first main signal detecting means 103 
detects the main signal cancelling signal fed from the 

30 distortion extracting loop circuit 3. The judging means 
1 02 judges that the main signal has been inputted when 
the main signal cancelling signal detected by the main 
signal cancelling signal detecting means 101 exceeds 
a fourth reference value set to a level smaller than the 

35 signal cancelling marginal level at the time of the mini- 
mum Input. 

[0045] The output signal detecting means 104 in the 
second main signai detecting means 1 06 detects an out- 
put signal from the rear stage of the main amplifier 1 . 

40 The judging means 1 05 judges that the main signal has 
been inputted when the output signal detected by the 
output signal detecting means 104 exceeds a fifth ref- 
erence value set to a level smaller than a level of the 
output signal at the time of the minimum Input. 

45 [0046] The Initial operation control unit 1 07 controls 
the pilot signal variably attenuating unit 5 so as to grad- 
ually decrease an attenuation quantity of the pilot signal 
with use of results of detection by the power source 
start-up detecting means 8 and the first main signal de- 

50 tecting means 1 03 as timing Infomiatlon after a start-up 
of the power source of the main amplifier 1 , then controls 
the main signal variably attenuating unit 6 so as to grad- 
ually decrease an attenuation quantity of the main signal 
after the attenuation quantity of the pilot signal has been 

55 decreased by the pilot signal variably attenuating unit 5. 
[0047] After a control by the Initial operation control 
unit 1 07, the main control unit 1 08 controls the distortion 
extracting loop circuit 3 and the distortion eliminating 



6 



* 



EP 0 685 931 B1 



12 



11 

loop circuit 4 on the basis of a result of detection by the 
second main signal detecting means 106, while watch- 
ing a failure condition of the main amplifier 1 . 
[0048] During the control by the main control unit 1 08. 
a failure aiannlng means may output infomnation that the 
main amplifier 1 is in trouble, depending on results of 
detection by the first main signal detecting means 1 03 
and the second main signal detecting means 106. 
[0049] FIG. 3 is a block diagram of another feed-for- 
ward amplifier according to a third aspect of the inven- 
tion. The feed-forward amplifier shown in FIG. 3 com- 
prises a main amplifier 1 , a pilot signal generator 2, a 
distortion extracting loop circuit 3, a distortion eliminat- 
ing loop circuit 4, a pilot signal variably attenuating unit 
5. a main signal variably attenuating unit 6 and a power 
source start-up detecting means 8, which have the 
same functions as those in the feed-forward amplifier 
according to the first and second aspects of this inven- 
tion (refening to FIGS. 1 and 2). 
[0050] In FIG. 3, reference numeral 113 denotes a 
third main signal detecting means. The third main signal 
detecting means has a main signal cancelling signal de- 
tecting means 111 which detects a main signal cancel- 
ling signal fed from the distortion extracting loop circuit 
3, and a judging means 112 which Judges an input of a 
main signal when the main signal cancelling signal de- 
tected by the main signal cancelling signal detecting 
means 1 1 1 exceeds a sixth reference value set to a level 
smaller than an initial operation level set larger than a 
signal cancelling marginal level at the time of the mini- 
mum Input. 

[0051 ] Reference numeral 1 1 6 denotes a fourth main 
signal detecting means. The fourth main signal detect- 
ing means 116 has an output signal detecting means 
114 which detects an output signal from the rear stage 
of the main amplifier 1 , and a Judging means 15 which 
judges an input of the main signal when the output signal 
detecting by the output signal detecting means 114 ex- 
ceeds a seventh reference value set to a level smaller 
than a level of the output signal at the time of the mini- 
mum input. 

[0052] Reference numeral 117 denotes an initial op- 
eration control unit. The initial operation control unit 1 1 7 
alters a control setting mode in the distortion extracting 
loop circuit 3 so that an initial operation level is a signal 
cancelling marginal level at the time of the minimum in- 
put with use of results of detection by the power source 
detecting means B and the third main signal detecting- 
means 1 1 3 as timing information after the third main sig- 
nal detecting means 113 has detected an input of the 
main signal. Under such condition, the initial operation 
control unit 117 so controls the pilot signal variably at- 
tenuating unit 5 as to gradually decrease an attenuation 
quantity of the pilot signal after a start-up of the power 
source of the main amplifier 1 , then so controls the main 
signal variably attenuating unit 6 as to gradually de- 
crease an attenuation quantity of the main signal after 
an attenuation quantity of the pilot signal has been de- 



creased by the pilot signal variably attenuating unit 5. 
[0053] Reference numeral 118 denotes a main control 
unit. The maln control unit 1 1 8 controls the distortion ex- 
tracting loop circuit 3 and the distortion eliminating loop 
5 circuit 4 on the basis of a result of detection by the fourth 
main signal detecting means after the control by the in- 
itial operation control unit 117, while watching a failure 
condition of the main amplifier 1 . 
[0054] The feed-forward amplifier according to the 
10 third aspect of this invention may further comprise a fifth 
main signal detecting means having a main signal can- 
celling signal detecting means which detects a main sig- 
nal cancelling signal fed from the distortion extracting 
loop circuit 3 and a judging means which judges that the 
15 main signal has been inputted when the main signal 
cancelling signal detected by the main signal cancelling 
signal detecting means exceeds an eighth reference 
value set to a level smaller than the signal cancelling 
marginal level at the time of the minimum Input, and a 
20 failure alarming means which outputs Infomnation that 
the main amplifier is in trouble depending on results of 
detection by the fourth main signal detecting means 1 1 6 
and the fifth main signal detecting means. 
[0055] In the feed-forward amplifier according to the 
25 third aspect, as shown in FIG. 3. the distortion extracting 
loop circuit 3 supplies the pilot signal fed from the pilot 
signal generator 2 to the main signal path and generates 
the main signal cancelling signal to cancel the main sig- 
nal outputted from the rear stage of the main amplifier 
1 , and the distortion eliminating loop circuit 4 obtains a 
signal In which components of the main signal In an out- 
put of the main amplifier have been cancelled on the 
basis of the output of the main amplifier 1 and the main 
signal cancelling signal from the distortion extracting 
loop circuit 3 and outputs the components of the main 
signal obtained from a signal In the main signal path In 
the rear stage of the main amplifier 1 with use of the 
signal in which the components of the main signal have 
been cancelled. 

[0056] The main signal cancelling signal detecting 
means 11 1 1n the Xh\r6 main signal detecting means 113 
detects the main signal cancelling signal fed from the 
distortion extracting loop circuit 3, and the judging 
means 112 judges that the main signal has been input- 
ted when the main signal cancelling signal detected by 
the main signal cancelling signal detecting means 111 
exceeds a sixth reference value set to a level smaller 
than an initial operation level set larger than the signal 
cancelling marginal level at the time of the minimum in- 
put. 

[0057] The output signal detecting means 114 in the 
fourth main signal detecting means 116 detects an out- 
put signal from the rear stage of the main amplifier 1 , 
and the judging means 1 15 judges that the main signal 
has been inputted when the output signal detected by 
the output signal detecting means 114 exceeds a sev- 
enth reference value set to a level smaller than a level 
of the output signal at the time of the minimum input. 
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[0058] The initial operation control unit 117 alters a 
control setting mode in the distortion extracting loop cir- 
cuit 3 so that an initial operation level is the signal can- 
celling marginal level at the time of the minimum input 
with use of results of detection conducted by the power 
source start-up detecting means 8 and the third main 
signal detecting means 113 after an input of the main 
signal has been detected by the third main signal de- 
tecting means 113. Under such condition, the initial op- 
eration control unit 11 7 so controls the pilot signal vari- 
ably attenuating unit 5 as to gradually decrease an at- 
tenuation quantity of the pilot signal after a start-up of 
the power source of the main amplifier 1, then so con- 
trols the main signal variably attenuating unit 6 as to 
gradually decrease an attenuation quantity of the main 
signal after an attenuation quantity of the pilot signal has 
been decreased by the pilot signal variably attenuating 
unit 5. 

[0059] The main control unit 118 controls the distor- 
tion extracting loop circuit 3 and the distortion eliminat- 
ing loop circuit 4 on the basis of a result of detection by 
the fourth main signal detecting means 116 after a con- 
trol by the initial operation control unit 7, while watching 
a failure condition of the main amplifier 1 . 
[0060] During the control by the main control unit 1 , a 
failure alanning means may output infonmation that the 
main amplifier 1 is in trouble depending on results of de- 
tection by the fourth main signal detecting means 116 
and the fifth main signal detecting means. 

(b) Description of a First Embodiment: 

[0061] Hereinafer, description will be made of a first 
embodiment according to this invention referring to the 
accompanying drawings. 

[0062] FIG. 4 Is a block diagram of a feed-forward am- 
plifier according to a first embodiment of this invention. 
In FIG. 4, reference numeral 11 denotes a main ampli- 
fier, which amplifies a signal from a main signal system. 
[0063] Reference numeral 16 denotes a power 
source start-up detector (a power source start-up de- 
tecting means), which detects an ON/OFF state of a 
power source of the main amplifier 11 . 
[0064] Reference numeral 12 denotes a pilot signal 
generator, which generates a pilot signal. 
[0065] Reference numeral 1 7a denotes an input sig- 
nal detector. The input signal detector 17a detects an 
input signal to a front stage of the main amplifier 11 . An 
input signal attenuator (a main signal variably attenuat- 
ing unit) 1 8 attenuates a main signal (an Input signal) 
applied to the front stage of the main amplifier 1 on the 
basis of control infomnatlon supplied from a control unit 
15. 

[0066] Reference numeral 1 3 denotes a distoriion ex- 
tracting loop circuit. The distortion extracting loop circuit 
13 Is disposed in the front stage of the main amplifier 
11 , supplying a pilot signal outputted from a pilot signal 
generator 12 to a main signal path, and generating a 



main signal cancelling signal whose phase is inverted 
with the same magnitude of the main signal in the main 
signal path. The distortion extracting loop circuit 13 is 
configured with a variable phase shifter 19, a variable 

5 attenuator 20, a delay unit 22 and a main amplifier 11 . 
[0067] The variable phase shifter 1 9 variably changes 
a phase of the main signal outputted from the Input sig- 
nal attenuator 1 8 on the basis of control infonmation sup- 
plied from the control unit 15. The variable attenuator 

10 20 attenuates the main signal from the input signal at- 
tenuator 1 8 on the basis of the control infonmation sup- 
plied from the control unit 1 5. The variable phase shifter 
1 9 and the variable attenuator 20 are served to generate 
a main signal cancelling signal to cancel the main signal 

IS outputted from the main amplifier 11 in the front stage 
of a main signal cancel detector 23, which will be de- 
scribed later. 

[0068] The delay unit 22 delays the main signal 
branched from the input signal attenuator 18 for a pre- 

20 determined period. 

[0069] Reference numeral 21 denotes a pilot signal 
attenuator (a pilot signal variably attenuating unit). The 
pilot signal attenuator 21 is arranged on an output side 
of the pilot signal generator 12 branched from the main 

2s signal system in the front stage of the main amplifier 1 1 
to attenuate a pilot signal supplied from the pilot signal 
generator 1 2 to the main signal system in the front stage 
part of the main amplifier 11 on the basis of control in- 
fonnation supplied from the control unit 15. 

30 [0070] Reference numeral 14 denotes a distortion 
eliminating loop circuit. The distortion eliminating loop 
circuit 1 4 is disposed in a rear stage of the main amplifier 
11 to obtain a signal In which components of the main 
signal in an output of the main amplifier 11 have been 

35 cancelled on the basis of an output of the main antplifler 
11 and a main signal cancelling signal fed from the dis- 
tortion extracting loop circuit 13, and outputs compo- 
nents of the main signal obtained from a signal in the 
main signal path in the rear stage of the main amplifier 

40 11 with use of the signal in which the components of the 
main signal have been cancelled. The distortion elimi- 
nating loop circuit 14 comprises a main signal cancel 
detector 23, a variable phase shifter 24, a variable at- 
tenuator 25, an auxiliary amplifier 26, a delay unit 27, a 

45 pilot signal cancel detector 28, an output signal detector 
52 and attenuator 29. 

[0071] The attenuator 29 Is applied the main signal 
cancelling signal fromthe main amplifier 11, a noise sig- 
nal of the main signal cancelling signal, a pilot signal, 

50 and a noise signal of the pilot signal, and attenuates 
these signals to a level before the amplification. 
[0072] Therefore, the components of the main signal 
can be cancelled by composing a signal from the atten- 
uator 29 and the main signal in the main signal path from 

55 the delay unit 22. 

p)073] The main signal cancel detector 23 detects 
components of the main signal that have not been can- 
celled in the composed signal of the signal from the at- 
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tenuator 29 and the main signal fronn the delay unit 22. 
The control unit 15 such controls the variable phase 
shifter 1 9 and the variable attenuator 20 that the uncan- 
celled components of the main signal are detected by 
the main signal cancel detector 23. 
[0074] With the above configuration, the main signal 
can be cancelled at a composing point, and distortion 
components generating in the main amplifier 1 1 and the 
pilot signal can be extracted. 

[0075] The variable phase shifter 24 is applied a sig- 
nal composed of a signal from the attenuator 29 and the 
main signal from the delay unit 22 to compose a pilot 
signal with an inverse phase passing through the delay 
unit 27 and the variable phase shifter 24 on the basis of 
the control infonnation from the control unit 1 5. The var- 
iable attenuator 25 attenuates a signal from the variable 
phase shifter 24 on the basis of the control Information 
from the control unit 15. 

[0076] The auxiliary amplifier 26 amplifies a signal 
from the variable attenuator 25 with the same amplifica- 
tion factor as the main amplifier 11 . The delay unit 27 is 
applied the main signal from the main amplifier 11 , dis- 
torted components developing in the main amplifier 11 
and the pilot signal to delay these signals for a prede- 
temnined period, and outputs a signal with an inverted 
phase of a signal from the auxiliary amplifier 26. 
[0077] In consequence, components other than com* 
ponentsof the main signal, that is, distorted components 
developing In the main amplifier 11 and the pilot signal 
can be cancelled by composing a signal from the above 
auxiliary amplifier 26 and a signal from the delay unit 27. 
[0078] The pilot signal cancel detector 28 detects 
components of the pilot signal that have not been can- 
celled in the composed signal of the signal from the aux- 
iliary amplifier 26 and the signal from the delay unit 27. 
The control unit 1 5 so controls the variable phase shifter 
24 and the variable attenuator 25 as to minimize a level 
of the pilot signal detected by the pilot signal cancel de- 
tector 28 in the ordinary operation. 
[0079] Incidentally, the output signal detector 52 is 
served to detect an output signal. 
[0080] The control unit 1 5 controls the above variable 
phase shifters 1 9,24 and the variable attenuators 20,25, 
comprising a Judging means 17b, a pilot signal attenu- 
ation quantity control means 30 and the main signal at- 
tenuation quantity control means 31 , as shown In FIG. 5. 
[0081] More specifically, the judging means 1 7b Judg- 
es that the main signal has been inputted when an Input 
signal Iv detected by the input signal detector 1 7a ex- 
ceeds a first reference value ^ '^vei smaller 
than an input signal level ly at the time of the mini- 
mum input In the normal operation, as shown In FIG. 6. 
The input signal detector 1 7a mentioned before and the 
judging means 1 7b, therefore, form a main signal de- 
tecting means 51. 

[0082] In FIG. 6, Ip represents the minimum Input 
level in the nonmal operation, while I5 represents a de- 
tected voltage due to a floor noise. 
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[0083] When the power source start-up detector 16 
detects a start-up of the power source of the main am- 
plifier 11 , the control unit 15 so controls the pilot signal 
attenuator 21 as to gradually decrease an attenuation 

5 quantity of the pilot signal. When the judging means 1 7b 
detects an input of the main signal after initiation of the 
operation to decrease an attenuation quantity of the pilot 
signal, the control unit 15 so controls the input signal 
attenuator 18 as to gradually decrease an attenuation 

10 quantity of the main signal. 

[0084] In other words, when the power source start- 
up detector 1 6 detects a start-up of the power source of 
the main amplifier 11 , the pilot signal attenuation quan- 
tity control means 30 so controls the pilot signal attenu- 

^5 ator 21 to gradually decrease an attenuation quantity of 
the pilot signal. 

[0085] When the judging means 17b judges an input 
of the main signal after the pilot signal attenuation quan- 
tity control means 30 has initiated the pilot signal atten- 
20 uation quantity decreasing operation, the main signal at- 
tenuation quantity control means 31 so controls the in- 
put signal attenuator 18 as to gradually decreases an 
attenuation quantity of the main signal. 
[0086] Next, an operation of the feed-fonvard amplifi- 
25 er of a type which can prevent unwanted waves from 
being outputted in an initial operation with the above 
configuration according to the first embodiment of this 
invention will be described, referring to a flowchart 
shown In FIG. 7 and a timing chart shown in FIGS. 8A 
through BE. 

[0087] When the power source start-up detector 16 
throws a power source of the main amplifier 11 to 'on' 
(Step A1, referring to time E In FIGS. 8A through 8C), 
the control unit 15 implements initialization of control in- 
fonnation for a feed-forward control of the apparatus 
(Step A2). That Is, In order to prevent unwanted waves 
from outputting in a transient condition of the apparatus 
immediately after the throw-on of the power source, at- 
tenuation quantity to be attenuated by the input signal 
attenuator 18 and the pilot signal attenuator 21 are set 
to large values (referring to time E In FIGS. 8A and 8C). 
[0088] Therefore, at a point of time of the throw-on of 
the power source of the main amplifier 11 , the pilot signal 
is being outputted from the pilot signal generator 12. 
However, an attenuation quantity of the pilot signal to 
be decreased by the pilot signal attenuator 21 Is set at 
a large value so that an output signal outputted from the 
apparatus may be sufficiently smaller than a spurious 
permissible level (referring to time E in FIG. 8B). 
[0089] Until an attenuation quantity of the pilot signal 
attenuator 21 becomes a minimum under a control of 
the pilot signal attenuation quantity control means 30, a 
cancelling control over the pilot signal attenuator 21 Is 
continued to gradually decrease an attenuation quantity 
of the pilot signal (referring to time E-F at Steps A3-A5 
In FIG. 8A). 

[0090] Thereafter, when an attenuation quantity of the 
pilot signal attenuator 21 reaches the minimum (YES 
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route at Step A5). the same cancelling control of the pilot 
signal as Step A4 above mentioned is conducted until 
the judging means 17b in the main signal detecting 
means 51 judges that the main signal has been Inputted 
as an input signal to the apparatus (NO route at Steps 
A6 and A7). 

[0091] If the judging means 1 7b judges that the main 
signal has been inputted as an input signal to the appa- 
ratus (YES route at STEP A7 In FIG. 7, referring to time 
G in FIGS. 8A'8E), an attenuation quantity of the main 
signal is decreased by the the main signal attenuation 
quantity control means 31 (Step 8A in FIG. 7, refenring 
to time G-H in FIG. 8C). Referring to detection infonna- 
tion about the main signal supplied from the main signal 
cancel detector 23, the control unit 15 controls the var- 
iable phase shifter 19 and the variable attenuator 20, 
thereby conducting a cancelling control of the main sig- 
nal (Step A9). 

[0092] As above, It Is possible to increase a level of 
the main signal outputted as an apparatus output (refer- 
ring to time G-IH in FIG. 8D). On the other hand, ft is also 
possible to suppress non-linear distortion components 
contained in the apparatus output to a level sufficiently 
lower than the permissible level by virtue of the cancel- 
ling control of the main signal (referring to time G-H in 
FIG. 8E). 

[0093] In the cancelling control of the main signal, an 
attenuation quantity of the Input signal attenuator 18 is 
gradually decreased until the attenuation quantity In the 
input signal attenuator 1 8 becomes the minimum (from 
NO route at Step A1 to Steps A8 and A8 In FIG. 7, re- 
ferring to time G-H in FIG. 80). 
[0094] Thereafter, when an attenuation quantity of the 
main signal attenuator 18 reaches the minimum (YES 
route at Step A10 in FIG. 7, refening to time H In FIG. 
80), a cancelling control of the pilot signal and the main 
signal, that is, a feed-forward control, Is successively 
conducted as same as in the process at Steps A6 and 
A9 set forth above (Step A11). 
[0095] Whereby, attenuation quantities of the pilot sig- 
nal attenuator 21 and the input signal attenuator 18 be- 
come minimum (referring to time H in FIGS. 8A and 80). 
Therefore, the pilot signal and the main signal as an ap- 
paratus output are outputted both in a stable state (re- 
fem'ng to time H in FIGS. 8B and 80). In addition, the 
non-linear distortion components contained in the appa- 
ratus output can be suppressed to a level sufficiently 
lower than the pemiisslble level (refening to time H in 
FIG. BE). 

[0096] If the main signal is inputted during a process 
at Steps A3 through A5, that is, before the cancelling 
control on the pilot signal has been completed, a proc- 
ess at Steps A8 through A1 0, that is, a feed-forward con- 
trol, Is initiated, not immediately, but after completion of 
the cancelling control of the pilot signal. 
[0097] As above, in the f eed-f onvard amplifier accord- 
ing to the first embodiment of this invention, it is possible 
to control outputs of the pilot signal and the main signal 
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during the initial operation in the front stage, that is, un- 
der a condition of a small power before amplified so that 
it Is possible to reduce a loss occurring In the course 
from the output of the main amplifier 11 to the output of 
^ the apparatus and a power consumption in the appara- 
tus. 

[0098] Since an attenuating control of the pilot signal 
is capable Immediately after a start-up of the power 
source, it Is sufficient to operate only the input signal 
10 attenuator 1 8 upon an input of a signal, thereby decreas- 
ing a time period from the input of the signal to a stable 
feed-forward control. 

[0099] According to this embodiment, the pilot signal 
attenuator 21 is positioned in a part on the side of the 
15 output of the pilot signal generator 1 2 branched from the 
main signal path in the front stage of the main amplifier 
11 . It is thus possible to set a gain of the main amplifier 
1 1 and a delay time in the delay unit 22 to smaller values. 
[0100] Further, the input signal detector 17a detects 
the presence of an input signal. This is helpful to prevent 
occun^ence of a phenomenon that, if an input of the main 
signal Is interrupted In the nonnal operation condition, 
distortion In a transmitted output increases In a transient 
operation in the even of the re-input of the signal since 
the main signal cancelling control has been deviated 
from the optimal point during the interruption of the main 
signal. 

(b1) Description of First Modification of the First 
Embodiment: 

[0101] FIG. 9 is a block diagram of a first modified ex- 
ample of the feed-forward amplifier according to the first 
embodiment of this Invention. In FIG. 9, the input signal 
detector 17a is omitted from the feed-forward amplifier 
of the first embodiment above described. An Input of the 
main signal is detected from, not detected infonnation 
supplied by the input signal detector 17a, but detected 
Infonnation supplied from an output signal detector (an 
output signal detecting means) 52. The first modified ex- 
ample has basically the same configuration as the feed- 
fonward amplifier of the first embodiment, except the 
above point. 

[0102] FIG. 10 is a blocic diagram of a control unit of 
the first modified example according to the first embod- 
iment. As shown In FIG. 1 0, a control unit 1 5a has a pilot 
signal attenuation quantity control means 30, a main sig- 
nal attenuation quantity control means 31 and a judging 
means 53a. 

[0103] The judging means 53a is, as shown In FIG. 
11 , applied a detected voltage as detected information 
about an output signal from the output signal detector 
52 to make a judgement that the main signal has been 
inputted when a detected output signal voltage Oy ex- 
ceeds a second reference value set to a level small- 
er than an output signal level Oy niin the time of the 
minimum input in the normal operation (that is, a detect- 
ed voltage when an output of the main amplifier 11 is at 
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the lowest level). 
[01 04] The output signal detector 52 and the Judging 
means 53a mentioned above fonn a main signai detect- 
ing means 54a served to detect an input of the main sig- 
nal. 5 
[0105] In FIG. 11 , Oy niax represents an output signal 
level when an input is at the maximum level in the nomnal 
operation, that is a detected voltage when an output of 
the main amplifier 1 1 1s at the maximum level. Oy att rep- 
resents a voltage obtained by detecting an output signal io 
of a level in which the maximum attenuation quantity of 
the nrmin signal attenuator has been reduced in the Initial 
operation, that Is, an output signal level at the time of 
the minimum input level in a state of the initial operation. 
[0106] As shown in FIG. 11 , a second reference value is 
Odet is set to a value smaller than an output signal level 
at the time of the minimum input in the initial operation. 
Whereby, the judging means 53a can make a judgement 
that the main signal was inputted at an appropriate time 
to reach the minimum input level in the initial operation. 20 
[0107] When the power source start-up detector 16 
detects a start-up of the power source of the main am- 
plifier 11, the pilot signal attenuation quantity control 
means 30 so controls the pilot signal attenuator 21 as 
to gradually decrease an attenuation quantity of the pilot 
signal, as same as in the first embodiment. When the 
judging means 53a judges that the main signal has been 
Inputted afterthe pilot signal attenuation quantity control 
means 30 initiated a decreasing operation of the atten- 
uation quantity of the pilot signal, the main signal atten- 30 
uation quantity control means 31 so controls the input 
signal attenuator 18 as to gradually decrease an atten- 
uation quantity of the main signal, as also same as in 
the first embodiment. 

[01 08] An operation of the first modified example with 35 
the above configuration of the feed-forward amplifier ac- 
cording to the first embodiment of this Invention will be 
now described, referring to a flowchart shown in FIG. 1 2. 
[01 09] First, when the power source start-up detector 
1 6 detects a throw-on of the power source of the ampli- 40 
fler (Step El ), an Initialization is executed (Step E2), and 
the pilot signal generator 12 generates a pilot signal 
(Step E3). 

[01 1 0] The pilot signal is attenuated by the pilot signal 
attenuator 21 , then inputted to the main amplifier 11 . An 45 
attenuation quantity of the pilot signal is so controlled 
by the pilot signal attenuation quantity control means 30 
as to be at the maximum when generated, gradually de- 
creased thereafter. 

[0111] A signal from the auxiliary amplifier 26 and a so 
signal from the delay unit 27 are composed, thereby 
cancelling components except those of the main signal, 
that is. distortion components generating in the main 
amplifier 11 and the pilot signal. 

[0112] The control unit 15a sets an initial value that is ss 
optimal for the cancellation control of the main signal 
(Step E4). More specifically, the control unit 15a sets a 
phase shifting value for the phase shifter 19 and an at- 
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tenuation value to the variable attenuator 20, thereby 
canying out the most efficiently the main signal cancel- 
lation control at the composing point in the front stage 
of the main signal cancel detector 23. 
[01 1 3] The judging means 53a in the control unit 1 5a 
is applied an output signal voltage Oy from the output 
signal detector 52. When this output signal voltage Oy 
exceeds the second reference value (YES route at 
Step E5), it is judged that the main signal has been in- 
putted and the main signal is raised up (Step E6). 
[0114] In other words, the main signal is attenuated 
by the Input signal attenuator 1 8. An attenuation quantity 
of the main signal decreased by the input signal atten- 
uator 1 8 is so controlled by the main signal attenuation 
quantity control means 31 as to be at the maximum 
when the main signal is raised and gradually decreased 
thereafter. 

[0115] In the nonnal operation state after the above 
steps, a cancelling control of the main signal and the 
pilot signal, that is, a feed-fonvard control, is carried out 
(Step E7). By virtue of this control, components except 
components of the main signal, that is, non-linear dis- 
tortion components generating In the main amplifier 11 
and the components of the pilot signal are cancelled so 
that only the main signal can be outputted with less 
noise as an output of the apparatus. 
[0116] When the output signal voltage Oy outputted 
from the output signal detector 52 Is smaller than the 
second reference value while the cancelling control 
is being conducted on the main signal and the pilot sig- 
nal (NO route at Step E8), the judging means 53a judges 
that the input signal has been intemipted (Step E9). The 
control unit 15a stops the cancelling control operation 
on the main signal and the pilot signal described above 
(Step E10) although holding the initial values such as a 
shifting value for the variable phase shifter 1 9, an atten- 
uation value for the variable attenuator 20, etc. having 
been set at Step E4. 

[0117] In the feed-forward amplifier according to the 
first modification of the first embodiment, use of the out- 
put signal detector 52 makes it possible to detect an in- 
put of the main signal without the input signal detector 
1 7a in order to control the apparatus. This is helpful to 
diminish the dimensions of the apparatus. 

(b2) Description of Second Modification of the First 
Embodiment: 

[0118] Next, description will be made of a second 
modified example of the feed-forward amplifier accord- 
ing to the first embodiment of this Invention. The feed- 
fonvard amplifier of the second modification according 
to the first embodiment has substantially the same con- 
figuration shown in FIG. 9. A different point of the second 
modified feed-forward amplifier from the first modified 
feed-fonward amplifier is that a Judging means 53b in a 
control unit 1 5b judges an Input of the main signal from, 
not detected infomiation of an output signai supplied 
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from the output signal detector 52, but detected infor- 
mation of the main signal cancelling signal supplied from 
the main signal cancel detector 23. The other elements 

are basically the same. 

[0119] FIG. 13 is a block diagram of a control unit in 
the second modified feedforward amplifier according to 
the first embodiment of this invention. As shown in FIG. 

13, the control unit 15b has a pilot signal attenuation 
quantity control means 30, a main signal attenuation 
quantity control means 31 and a judging means 53b, 
which have substantially the same functions as the feed- 
fonvard amplifier according to the first embodiment de- 
scribed hereinbefore. 

[0120] The judging means 53b is, as shown in FIG. 

1 4, applied a main signal cancelling signal Cy detected 
by the main signal cancel detector 23. The Judging 
means 53b Judges that the main signal has been input- 
ted when the main signal cancelling signal Cy exceeds 
a third reference value at a level smaller than a sig- 
nal cancelling marginal level Cvmin the time of the 
minimum input in the normal operation. 

[0121] In FIG. 14, represents a detector output 
voltage of a floor noise outputted from the main signal 
cancel detector 23. 

[0122] The above Judging means 53b and the main 
signal cancel detector 23 fonn a main signal detecting 
means 54b which detects an input of the main signal. 
[0123] An operation of the second modified feed-for- 
ward amplifier according to the first embodiment of this 
invention with the above configuration will be next de- 
scribed, referring to a flowchart shown in FIG. 15. 
[0124] When the power source start-up detecting 
means 1 6 detects a throw-on of the power source of the 
apparatus (Step F1), an initialization of the apparatus is 
executed (Step F2). The pilot signal generator 12 then 
generates a pilot signal (Step F3). 
[01 25] The pilot signal Is attenuated by the pilot signal 
attenuator 21 , then fed to the main amplifier 11 . An at- 
tenuation quantity of the pilot signal decreased by the 
pilot signal attenuator 21 is so controlled by the pilot sig- 
nal attenuation quantity control means 30 as to be at the 
maximum when generated, then gradually decreased 
thereafter. 

[0126] The control unit 15b sets an initial values at an 
optimal point for the main signal cancelling control (Step 
F4). More specifically, the control unit 1 5b sets a phase 
shifting value for the phase shifter 1 9 and an attenuation 
value for the variable attenuator 20 to respective optimal 
points, thereby conducting the most effectively the main 
signal cancelling control in a composing point in the front 
stage in the main signal cancel detector 23. 
[0127] The Judging means 53b In the control unit 1 5b 
Is applied a main signal cancelling signal Cy from the 
main signal cancel detector 23 to judge that the main 
signal has been inputted when a value of the main signal 
cancelling signal Cy exceeds the third reference value 
C^et (YES route at Step F5), then detects a rise of the 
main signal (Step F6). 



[0128] The inputted main signal is attenuated by the 
Input signal attenuator 1 8. An attenuation quantity of the 
main signal decreased by the input signal attenuator 1 8 
is so controiled by the main signal attenuation quantity 
5 control means 31 as to be at the maximum when gen- 
erated, then gradually decreased thereafter. 
[0129] In the nomnal operation state after the above 
process, a cancelling control of the main signal and the 
pilot signal, that is, a feed-forward control, is conducted 

10 (Step FT). Whereby, components except components of 
the main signal, that Is, non-linear distortion compo- 
nents generating in the main amplifier 11 and compo- 
nents of the pilot signal, are cancelled so that the main 
signal can be outputted as an output of the apparatus 

IS in a state with less noise. 

[0130] If the main signal cancelling signal Cy be- 
comes a smaller value than the third reference value 
supplied from the main signal cancel detector 23 
while the cancelling control is being conducted on the 

20 main signal and the pilot signal (NO route at Step F8), 
the Judging means 53b judges that the Input signal has 
been Intenupted (Step F9). The control unit 16b stops 
the cancelling control operation of the main signal and 
the pilot signal described above (Step F10), although 

25 holding initial setting values such as a phase shifting val- 
ue for the variable phase shifter 1 9, an attenuation quan- 
tity for the variable attenuator 20 and the like having 
been set at Step F4. 

[0131] In the second modified feed-forward amplifier 
30 according to the first embodiment of tills Invention, use 
of the main signal cancel detector 23 enables detection 
of an input of the main signal without the input signal 
detector 1 7a, further enabling a control of the apparatus 
and a decrease in dimensions of the apparatus. 

35 

(b3) Description of Third Modification of the First 
Embodiment: 

[01 32] Next, description will be made of a third modi- 
40 tied example of the feed-forward amplifier according to 
tiie first embodiment of this Invention. The third nfK)dlfied 
feed-forward amplifier according to the first embodiment 
has substantially the same configuration shown In FIG. 
9. A different point of the third modified examples from 
the first and second modified feed-forward amplifiers is 
that a control unit 15c carries out a control In a different 
mode. Another elements are basically the same as the 
first and the second modified examples. 
[01 33] FIG. 1 6 is a block diagram of the third modified 
50 feed-fonvard amplifier according to the first embodiment 
of this invention. In FIG. 16. the control unit 15c com- 
prises Judging means 53c and 53d, an initial operation 
control unit 55 and a main control unit 56. 
[0134] The Judging means 53c is applied the main sig- 
55 nal cancelling signal from the main signal cancel detec- 
tor 23 in an Initial state Immediately after a star-up of the 
power source to Judge that the main signal has been 
inputted when the detected main signal cancelling sig- 
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nal exceeds a fourth reference value C^et set to a level 
smalier than the signal cancetling marginal level at the 
time of the minimum input. 

[0135] The judging means 53d is applied an output 
signal detected by the output signal detector 52 In the 
nonnal operation to judge that the main signal has been 
inputted when the output signal exceeds a fifth refer- 
ence value to a level smaller than an output 
signal level at the time of the minimum input. 
[0136] Here, an Input of the main signal Is judged by 
the judging means 53c, not the judging means 53d, in 
the initial state. A reason of the above is that the fifth 
reference value O^et that is an input detecting point be- 
ing set under a condition of Ovatt>Odet>Ob the judg- 
ing means 53d is occasionally unstable since the input 
signal attenuator 1 8 is at the maximum, causing a small 
voltage difference between Oyatt 0^> Here, O^, rep- 
resents a detector output voltage of a floor noise output- 
ted from the output signal detector 52. 
[0137] In the normal operation, the main signal is de- 
tected by the judging means 53d, not the judging means 
53c. In the detection by the judging means 53d, it is pos- 
sible to set the fifth reference value O^^^ stably since an 
attenuation quantity for the input signal attenuator 1 8 is 
at the minimum, a difference in voltage between Ovatt 
and being thus large. In contrast, the main signal 
cancelling control is so conducted as to always minimize 
Cv in the detection by the judging means 53c. As above, 
use of the judging means 53d enables more stable de- 
tection of the main signal. 

[0138] The judging means 53c and the main signal 
cancel detector 23 fonti a first main signal detecting 
means 54c, while the judging means 53d and the output 
signal detector 52 form a second main signal detecting 
means 54d. 

[01 39] After the power source start-up detector 1 6 de- 
tected a start-up of the power source of the main ampli- 
fier 11, the initial operation control unit 55 so controls, 
with use of results of the judgements made by the power 
source detector 1 6 and the judging means 53c as timing 
infomnation, the pilot signal attenuator 21 as to gradually 
decrease an attenuation quantity of the pilot signal. After 
the attenuation quantity of the pilot signal has been 
gradually decreased by the pilot signal attenuator 21, 
the initial operation control unit 55 so controls the input 
signal attenuator 18 as to gradually decrease an atten- 
uation quantity of the main signal. 
[0140] The initiar operation control unit 55 outputs a 
control signal to the variable phase shifter 19 and the 
variable attenuator 20 to set Initial values for the main 
signal cancelling control to an optimal point in an input 
awaiting state upon a throw-on of the power source. 
[0141] The main control unit 56 outputs a control sig- 
nal to the variable phase shifters 1 9,24, and the variable 
attenuators 20,25 to control the distortion extracting 
loop circuit 13, the distortion eliminating loop circuit 14 
after a control by the initial operation control unit 55, 
while watching a failure condition of the main amplifier 



1 1 on the basis of a result of the detection by the judging 
means 53d. 

[01 42] An operation of the third modified feed-fonvard 
amplifier according to the first embodiment of this inven- 
5 tion will be next described, referring to a flowchart shown 
in FIG. 17. 

[0143] When the power source start-up detector 16 
detects a throw-on of the power source of the apparatus 
(Step G1), an intlatization for the apparatus is executed 

10 (Step G2). After the intializatlon, the pilot signal gener- 
ator 12 generates the pilot signal (Step G3). The pilot 
signal is attenuated by the pilot signal attenuator 21 , 
then fed to the main amplifier 1 1 . An attenuation quantity 
of the pilot signal is controlled by the initial operation 

15 control unit 55 so as to be at the maximum when gen- 
erated, then gradually decreased thereafter. 
[0144] The initial operation control unit 55 sets Initial 
values for an optimal point in the main signal cancelling 
control (Step G4). 

20 [0145] The judging means 53c is applied the main sig- 
nal cancelling signal Cy from the main signal cancel de- 
tector 23. When the main signal cancelling signal Cy ex- 
ceeds the fourth reference value that has been set 
(YES route at Step G5), the judging means 53c judges 

25 that the main signal has been inputted, and raises the 
main signal (Step G6). 

pi 48] More specifically, the inputted main signal is at- 
tenuated by the input signal attenuator 18. An attenua- 
tion quantity of the main signal attenuated by the input 
30 signal attenuator 1 8 is so controlled by the initial oper- 
ation control unit 55 as to be at the maximum when 
raised, then gradually decreased thereafter. 
[01 47] In the normal operation after the initial control, 
the cancelling control of the main signal and the pilot 
55 signal, that is, a feed-forward control, is candied out un- 
der a control by the main control unit 56 (Step G7). By 
virtue of the cancelling control of the main signal and the 
pilot signal, components except components of the main 
signal, that is, non-linear distortion components gener- 
ic ating in the main amplifier 11 and components of the 
pilot signal, are cancelled so that the main signal can be 
outputted as an output of the apparatus in a state with 
less noise. 

[0146] When the output signal voltage Oy applied to 
45 the judging means 53d drops below the fifth reference 
value while the cancelling control is being conduct- 
ed on the main signal and the pilot signal (NO route at 
Step G6), the judging means 53d judges that the input 
signal has been interrupted (Step G9). The control unit 
50 15a stops the cancelling operation of the main signal 
and the pilot signal (Step G10). 
[01 49] In the third modified f eed-fonfvard amplifier ac- 
cording to the first embodiment of this Invention, it is pos- 
sible to highly accurately detect an input of the main sig- 
55 nal with use of the man signal cancel detector 23 and 
the output signal detector 52 without the input signal de- 
tector 17a, thereby reducing dimensions of the appara- 
tus and Improving the perfonnance of the same. 
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(b4) Description of Fourth Modification of the First 
Ennbodinnent: 

[0150] FIG. 18 is a block diagram of a control unit of 
a fourth modified example of the feed-forward amplifier 
according to the first embodiment of this invention. As 
shown In FIG. 1 8, the fourth modified feed-forward am- 
plifier has substantially the same configuration as the 
third modification mentioned above, excepting that 
there is provided a failure alamning means 57 which out- 
puts infomnation that the main amplifier 11 is in trouble 
during a control by the main control unit 56 according to 
results of the detection by the first main signal detecting 
means 54c and the second main signal detecting means 
54d. Another elements are basically the same as the 
third modification. 

[0151] The fourth modified amplifier according to the 
first embodiment of this invention with such configura- 
tion operates as shown in a flowchart in FIG. 19. 
[0152] Namely, processes from a detection of athrow- 
on of the power source of the apparatus by the power 
source start-up detector 16 (Step HI) to a cancelling 
control of the main signal and the pilot signal under a 
control by the main control unit 56 in the normal opera- 
tion (Step H7) are carried out as same as in the firth 
modification of the first embodiment described herein- 
before. 

[0153] If the judging means 53d judges that a value 
of an output signal voltage Oy is smaller than the fifth 
reference value 0^,^, while the cancelling control of the 
main signal and the pilot signal is being conducted (NO 
route at Step H8), the judging means 53c compares the 
main signal cancelling signal Cy applied from the main 
signal cancel detector 23 with the fourth reference value 
Cdet (Step H9). 

[0154] If a value of the main signal cancelling signal 
Cy is larger than the fourth reference value C^et (YES 
route at Step H9). it means that the judging means 53c 
- -detects an input of the main signal although the judging 
means 53d detects no input of the main signal, it is, 
therefore, judged that the main amplifier 11 Is In trouble 
so that infomnation about the trouble is outputted to the 
failure alanning means 57 (Step H10). 
[01 55] When a value of the main signal cancelling sig- 
nal Cy becomes smaller than a value of the fourth ref- 
erence value (NO route at Step H9), It Is judged that 
the Input signal has been intenupted (Step H11). The 
control unit 15a stops the cancelling control operation 
on the main signal and the pilot signal (Step HI 2). 
[0156] As above, in the fourth modified feed-forward 
amplifier according to the first embodiment of this Inven- 
tion, use of the main signal cancel detector 23, the out- 
put signal detector 52 and the failure alamning means 
57 enables highly accurate detection of the main signal 
even without the input signal detector 1 7a while watch- 
ing a failure of the apparatus, thus contributing a reduc- 
tion in dimensions, and improvement in performance 
and reliability of the apparatus. 



(b5) Description of Fifth Modification of the First 
Embodiment: 

[0157] Next description will be of a fifth modified ex- 
5 ample of the feed-forward amplifier according to the first 
embodiment of this invention. The fifth modified feed- 
fomvard amplifier has substantially the same configura- 
tion shown In FIG. 9 as the third modification of the first 
embodiment, except a mode of a control conducted by 
10 a control unit 15e. 

[0158] In practice, the third modified feed-forward am- 
plifier uses the fourth reference value when the 
judging means 53c judges an Input of the main signal. 
In contrast, in the fifth modification, the judging means 
15 53c in the control unit 15e judges an input of the main 
signal on the basis of the main signal cancelling signal 
in a different mode. 

[0159] More specifically, In the fifth modification, the 
Judging means 53c judges an input of the main signal 
20 when the main signal cancelling signal detected by the 
main signal cancel detector 23 exceeds a sixth refer- 
ence value (>Cdet) that has been set to a level 
smaller than a level at the time of the initial operation 
^min (>^min) Where the main signal cancelling signal 
25 has shifted from the signal cancelling marginal level at 
the time of the minimum Input to a larger level, as shown 
In FIG. 21 . Another elements are basically the same. 
[0160] The judging means 53d judges that the main 
signal has been inputted when an output signal detected 
30 by the output signal detector 52 exceeds a seventh ref- 
erence value Odet that has been set to a level smaller 
than an output signal level at the time of the minimum 
input, as shown In FIG. 20, as same as in the third mod- 
ification described before. 
35 [0161] The judging means 53c and the main signal 
cancel detector 23 mentioned above fomn a third main 
signal detecting means which detects the main signal 
cancelling signal, and judges an input of the main signal 
when the main signal cancelling signal exceeds the sixth 
reference value C^^\ On the other hand, the judging 
means 53d and the output signal detector 52 fomi a 
fourth main signal detecting means which detects an 
output signal, and judges an Input of the main signal 
when the output signal exceeds the seventh reference 
value Ojet'. 

[0162] In FIG. 20, Oy ^ represents a detected volt- 
age corresponding to an output signal level Op at 
the time of the maximum Input In the normal operation, 
Oy represents a detected voltage corresponding to 
an output signal level Op j^in the time of the minimum 
input in the normal operation, and Ob represents a de- 
tector output voltage of a floor noise detected by the out- 
put signal detector 52. 

[0163] The initial operation control unit 55 uses results 
of the detection conducted by the power source start-up 
detector 16 and the judging means 53 as timing infor- 
mation. When the judging means 53c judges an Input of 
the main signal, the initial operation control unit 55 alters 
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a control setting mode in the variable phase shifter 19 
and the variable attenuator 20 so that an initial operation 
level C^ir, becomes a signal cancelling marginal level 
Cy min t'f^® of the minimum input. Under such con- 
dition, the initial operation control unit 55 so controls the 
pilot signal attenuator 21 as to gradually decrease an 
attenuation quantity of the pilot signal after the start-up 
of the power source of the main amplifier 1 1 . After the 
pilot signal attenuator 21 has decreased the attenuation 
quantity of the pilot signal, the initial operation control 
unit 55 so controls the pilot signal attenuator 21 and the 
Input signal attenuator 18 as to gradually decrease an 
attenuation quantity of the main signal. 
[0164] In other words, by outputting the control signal 
to the variable phase shifter 19 and the variable atten- 
uator 20, the Initial operation control unit 55 shifts a set- 
ting value from an optimal point for the main signal can- 
celling control in an input awaiting state at the time of 
the throw-on of the power source, then sets again the 
initial value for the main signal cancelling control to the 
optimal point after the detection of an input of the main 
signal. 

[0165] In an initial state immediately after the signal 
input, the main signal cancelling signal Cy gets greater 
so that it is possible to obtain a large difference in volt- 
age between a threshold value Cdet for the input detec- 
tion and C^. At the same time, an attenuation quantity 
of the input signal attenuator 18 is at the maximum so 
that distortion in a transmitted output is not increased. 
This enables more stable input detection In the initial 
state. 

[01 66] After the control by the initial operation control 
unit 55, the main control unit 56 controls the distortion 
extracting loop circuit 13 and the distortion eliminating 
loop circuit 14 on the basis of a result of the detection 
by the judging means 53d» while watching a failure con- 
dition of the main amplifier 11. The fifth modified feed- 
forward amplifier according to the first embodiment of 
this invention with the above configuration operates as 
shown in a flowchart in FIG. 22. 
[01 67] As same as In the third modification described 
hereinbefore, the power source detector 16 detects a 
start-up of the power source of the apparatus (Step J1 ), 
then the intiallzatlon is implemented (Step J2). The pilot 
signal generator 1 2 generates the pilot signal (Step J3). 
[0168] The initial operation control unit 55 sets an In- 
itial value deviating from an optimal point for the main 
signal cancelling control (Step J4). More specifically, the 
initial operation control unit 55 obtain a large main signal 
cancelling signal Cy detected by the main signal can- 
celling detector 23, by setting the phase shifting value 
for the variable phase shifter 1 9 and the attenuation val- 
ue for the variable attenuator 20 deviating from the re- 
spective optimal points. 

[01 69] The judging means 53c Is applied the main sig- 
nal cancelling signal Cy from the main signal cancel de- 
tector 23. When the main signal cancelling signal Cy ex- 
ceeds the sixth reference value that has been sta- 
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biy set (YES route at Step J5), the initial operation con- 
trol unit 55 again sets the phase shift value for the var- 
iable phase shifter 1 9 and the attenuation value for the 
variable attenuator 20 to the respective optimal points 

5 (Step J6), judges thatthe main signal hasbeen inputted, 
then raises the main signal (Step J7). 
[0170] The inputted main signal is attenuated by the 
Input signal attenuator 1 8. An attenuation quantity of the 
main signal to be attenuated by the input signal attenu- 

10 ator 18 is so controlled by the initial operation control 
unit 55 as to be at the maximum at the time of a rise of 
the main signal, then gradually decreased thereafter 
[0171] In the nomial operation condition after the 
above control, as same as the above-mentioned third 

15 modified example, a cancelling control of the nnain sig- 
nal and the pilot signal, that is, a feed-fonvard control Is 
carried out under a control of the main control unit 56 
(Step J8). Whereby, components except components of 
the main signal, that is, non-linear distortion compo- 

20 nents generating In the main amplifier 11 and compo- 
nents of the pilot signal, are cancelled so that the main 
signal can be outputted as an output of the apparatus 
in a state with less noise. 

[0172] In the case where the judging means is applied 
25 an output signal voltage Oy from the output signal de- 
tector 52 while the cancelling control of the main signal 
and the pilot signal is being conducted, if the output sig- 
nal voltage Oy becomes smaller than the fifth reference 
value (NO route at Step J9), the judging means 53d 
30 judges that the input signal has been interrupted (Step 
J10). The control unit 15a stops the cancelling control 
of the main signal and the pilot signal above described 
(Step J11). 

[0173] As above, in the fifth modified feed-forward 
amplifier according to the first embodiment of this inven- 
tion, use of the main signal cancel detector 23 and the 
output signal detector 52 enables a detection of an Input 
of the main signal with a noticeably high-accuracy with- 
out employing the input signal detector 1 7a. This further 
contributes a reduction in dimensions and improvement 
in perfomnance of the apparatus. 

(B6) Description of Sixth Modification of the First 
Embodiment: 

[0174] FIG. 23 Is a block diagram of a control unit in 
a sixth modified example of the feed-forward amplifier 
according to the first embodiment of this invention. As 
shown in FIG..23, the sixth modified feed-forward am- 
plifier has basically the same configuration as the fifth 
modification, except that there is provided a failure 
alamiing means which outputs information of a failure 
of the main amplifier according to a result of the detec- 
tion by the third main signal detecting means and the 
fourth main signal detecting means during a control by 
the main control unit 56. 

[0175] The judging means 53c in the control unit 1 5e 
judges whether the main signal has been inputted or not 
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on the basis of the main signal cancelling signal supplied 
from the main signal cancel detector 23 If the judging 
means 53d does not Judge an Input of the main signal 
during an operation of the main control unit 56. The judg- 
ing means 53c has a switching means 58 switching the 
reference value used for a reference for the above 
Judgement between the sixth reference value and an 
eighth reference value. 

[0176] With the above configuration, the sixth modi- 
fied feed-fonfvard amplifier according to the first embod- 
iment of this invention operates as shown In a flowchart 
in FIG. 24. 

[0177] As same as In the fifth modification according 
to the first embodiment, there is executed the process 
from a step to detect a throw-on of the power source of 
the amplifier by the power source start-up detector 16 
(Step K1) to a step to control cancellation of the main 
signal and the pilot signal under a control of the main 
control unit 56 in the nomnal operation condition (Step 
K8). 

[01 78] While the cancelling control of the main signal 
and the pilot signal Is being conducted In the nomnal op- 
eration condition, when the judging means 53d judges 
that an output signal voltage Oy is smaller than the sev- 
enth reference value O^^t (NO route in Step K9), the 
Judging means 53c compares the main signal cancelling 
signal Cv supplied from the main signal cancel detector 
23 with the eight reference value C^^^ that has been 
switched over from the sixth reference value by the 
switching means 58 (Step K10). 
[0179] If the main signal cancelling signal Cy be- 
comes larger than the eighth reference value (YES 
route at Step K10), the judging means 53c detects an 
Input of the main signal although the judging means 53d 
detects no input of the main signal. This is judged that 
the main amplifier 11 is in trouble so that the failure 
alamning means 57 outputs information of the trouble 
(Step K11), 

[0180] If the main signal cancelling signal Cy be- 
comes smaller than the eighth reference value C^^t (NO 
route at Step K10), it Is judged that the input signal has 
been interrupted (Step K12), and the control unit 15e 
stops an operation for the cancelling control of the main 
signal and the pilot signal (Step K13). 
[0181] As above, in the sixth modified feed-f onward 
amplifier according to the first embodiment, use of the 
main signal cancel detector 23, the output signal detec- 
tor 52 and the failure alarming means 57 enables a no- 
ticeably high-accurate detection of an input of the main 
signal without employing the input signal detector 17a 
while watching a failure of the amplifier, contributing a 
reduction in dimensions, and improvement In reliability 
and perfomiance of the apparatus. 

(c) Description of Second Embodiment: 

[01 82] A feed-forward amplifier according to a second 
embodiment has basically the same configuration as the 



feed-fonvard amplifier of the first embodiment, except 
that there Is provided a control unit 1 5A functioning dif- 
ferently from the control unit 1 5 in the feed-f onvard am- 
plifier according to the first embodiment. 
5 [0183] FIG. 25 Is a block diagram of the control unit 
in the feed-forward amplifier of the second embodiment. 
The control unit ISA shown in FIG. 25 comprises a pilot 
signal attenuation quantity control means 30A, a main 
signal attenuation quantity control means 31 A and a 
10 judging means 17b having the same function as the 
judging means according to the first embodiment 
[0184] The pilot signal attenuation quantity control 
means 30A detects a start-up of the power source of the 
main amplifier 11 . If the judging means 17b judges that 
15 the main signal has been inputted as an input signal, the 
pilot signal attenuation quantity control means 30A so 
controls the pilot signal attenuator 21 as to gradually de- 
crease an attenuation quantity of the pilot signal. 
[0185] The main signal attenuation quantity control 
means 31 A so control the input signal attenuator 18 as 
to gradually decrease an attenuation quantity of the 
main signal after the pilot signal quantity control means 
30A has decreased an attenuation quantity of the pilot 
signal. 

pi 86] An operation of the feed-forward amplifier of a 
type preventing unwanted waves from generating in the 
initial operation with the above configuration according 
to the second embodiment will be described, referring 
to a timing chart shown in FIGS. 27A through 27E and 
a flowchart shown in FIG. 26. 
[0187] When the power source start-up detector 16 
throws a power source of the main amplifier 11 to 'on* 
(referring to time A in FIGS. 27A through 27C at Step 
B1 in FIG. 26), the control unit 15 carries out an intiali- 
zation to set control infomnation for a feed-fonvard con- 
trol for the apparatus (Step B2). More specifically, in or- 
der to prevent unwanted waves from generating in a 
transient condition of the apparatus immediately after 
the throw-on of the power source, the control unit 15 
sets attenuation quantities forthe input signal attenuator 
1 8 and the pilot signal attenuator 21 to respective large 
values (referring to time A in FIGS. 27A through 27C). 
[01 88] At the time of throw-on of the power source of 
the main amplifier 11 , a pilot signal generator 12 is out- 
putting a pilot signal. This pilot signal is at a sufficiently 
lower level than, for example, a spurious tolerable level 
allowed by the Wireless Telegraphy Act, since an atten- 
uation quantity for the pilot signal attenuator 21 is set 
sufficiently large (referring to time A in FIG. 27B). 
[0189] Until the input signal detector 17a detects an 
Input of the main signal as an Input signal, the control 
unit 15 controls a variable phase shifter 24 and a varia- 
ble attenuator 25 refen-ingto detection infomiation of the 
pilot signal supplied from the pilot signal cancel detector 
28, thereby carrying out a cancelling control of the pilot 
signal (Step B). 

[01 90] When the input signal detector 1 7a detects an 
input of the main signal as an input (YES route at Step 
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B4 in FIG. 26), an attenuation quantity of the pilot signal 
attenuator 21 is decreased under a control of the pilot 
signal attenuation quantity control means 30A (Step B5, 
referring to time B in FIG. 27A), and the control unit 15 
controls the variable phase shifter 24 and the variable 
attenuator 25 to conduct a cancelling control of the pilot 
signal, referring to detected infomnation about the pilot 
signal supplied from the pilot signal cancel detector 28 
(Step B6). 

[0191] When the main signal is inputted as an input 
signal, the operation of the pilot signal attenuator 21 
causes a level of the pilot signal as an apparatus output 
to be increased (referring to time B in FIG. 27B), fol- 
lowed by a cancelling control of the pilot signal. There- 
fore, if an input level to the main amplifier 11 is in- 
creased, an output does not exceed the spurious toler- 
able level since the pilot signal is cancelled by virtue of 
the following cancelling control of the pilot signal. At this 
point of time, an attenuation quantity of the input signal 
attenuator 18 is set at a large value. The main signal 
outputted as an apparatus output is, therefore, sup- 
pressed to a low level (referring to time B in FIG. 27D). 
[01 92] The cancelling control of the pilot signal Is con- 
tinued by gradually decreasing an attenuation quantity 
of the pilot signal attenuator 21 until an attenuation 
quantity of the pilot signal attenuator 21 reaches the 
minimum (from NO route at Step B7 to Steps B5-B6 In 
FIG. 26, refemng to time B-C in FIG. 27A). 
[0193] If an attenuation quantity of the pilot signal at- 
tenuator 21 reaches the minimum thereafter (YES route 
at Step B7), control of the main signal attenuation quan- 
tity control means 31 A causes an attenuation quantity 
of the input signal attenuator 18 to be decreased (Step 
B8 in FIG. 26, referring to time C in FIG. 27C). The con- 
trol unit 1 5 controls the variable phase shifter 19 and the 
variable attenuator 20 to cancel the main signal, refer- 
ring to detection information about the main signal sup- 
plied from the main signal cancel detector 23 (Step B9). 
~ [01 94] As a result, a level of the main signal to be out- 
putted as an apparatus output may be increased (refer- 
ring to time C in FIG. 27D). On the other hand, compo- 
nents of non-linear distortion contained In the apparatus 
output may be suppressed to a sufficiently lower level 
than the tolerable level by virtue of the cancelling control 
of the main signal (referring to time C in FIG. 27E). 
[0195] Next, a cancelling control on the main signal is 
carried out by gradually decreasing an attenuation 
quantity of the input signal attenuator 18 until an atten- 
uation quantity of the input signal attenuator 1 8 reaches 
the minimum (from NO route at Step B1 0 to Steps B8-B9 
in FIG. 26, refemng to time C-D in FIG. 270). 
[01 96] If an attenuation quantity of the main signal at- 
tenuator 18 becomes the minimum thereafter (YES 
route at Step B1 Gin FIG. 26, refemng to time D In FIG. 
270), the cancelling control of the pilot signal and the 
main signal, that Is, the feed-forward control. Is contin- 
uously conducted, as same as the process at Step B6 
and Step B9 described before (Step B11). 
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[0197] Through the above steps, attenuation quanti- 
ties of the pilot signal attenuator 21 and the Input signal 
attenuator 18 become the minimum (refemng to time D 
in FIGS. 27A and 27B). The pilot signal and the main 

s signal as an apparatus output may be outputted in a sta- 
ble state (refemng to time D in FIGS. 27B and 27D). The 
components of the non-linear distortion contained in the 
apparatus output may be suppressed to a sufficiently 
lower level than the tolerable level (referring to time D 

10 inFIG.27E). 

[01 98] As above, in the feed-f onvard amplifier accord- 
ing to the second embodiment of this Invention, the out- 
put control of the pilot signal and the main signal during 
the initial operation is conducted in the front stage of the 

IS main amplifier 1 1 , in other words, in a state of a small 
power before amplified so that It is possible to decrease 
a loss in the course from the output of the main amplifier 
11 to the output of the apparatus, further decreasing a 
power consumption in the apparatus. 

20 

(d) Description of Third Embodiment: 

[0199] FIG. 28 is a block diagram of a feed-forward 
amplifier according to a third embodiment of this inven- 
ts tion. In FIG. 28, the feed-forward amplifier according to 
the third embodiment has basically the same configura- 
tion as the feed-fonvard amplifiers according to the first 
and second embodiments, except that the pilot signal 
attenuator 21 B Is positioned in the main signal path in 
30 the front stage of the main amplifier 11, included In a 
distortion extracting loop circuit 13B. 
[0200] The distortion extracting loop circuit 1 3B com- 
prises a variable phase shifter 1 9, a variable attenuator 
20, a pilot signal attenuator 21 B, a main amplifier 11 and 
35 a delay unit 22. 

[0201] In the feed-fonvard amplifier of the third em- 
bodiment with the above configuration, an output control 
of the pilot signal and the main signal during the initial 
operation is carried out in the front stage of the main 
40 amplifier 1 1 to reduce a loss in the course from the out- 
put of the main amplifier 11 to the apparatus output, as 
same as in the first and second embodiments. 
[0202] According to the feed-forward amplifier of the 
third embodiment of this Invention, the output control of 
4s the pilot signal and the main signal is carried out in the 
front stage of the main amplifier 1 1 , that is, In a state of 
a less power before amplified so that a loss in the course 
from theoutputof the main amplifier 11 to the apparatus 
output, further reducing a power consumption in the ap- 
50 paratus. 

(e) Description of Fourth Embodiment: 

[0203] FIG, 29 is a block diagram of a feed-forward 
55 amplifier according to a fourth embodiment of this inven- 
tion. The feed-fonvard amplifier according to the fourth 
embodiment of this invention has a feature that a control 
over the Input signal attenuator 18 and the pilot signal 
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attenuator 21 is carried out by, not a software but a hard- 
ware, when compared with the first to third embodi- 
ments. 

[0204] More specifically, reference numeral 1 6C de- 
notes a power-on reset circuit as a power source start- 
up detecting means. The power-on reset circuit 1 6C de- 
tects a start-up of the powersource of the main amplifier 
1 1 , and outputs a signal to selectors 32 and 35, which 
will be described later. 

[0205] Reference numeral 1 7C denotes a main signal 
detecting circuit as a main signal detecting means. The 
main signal detecting circuit 17C detects an Input of a 
main signal as an input signal, and outputs a result of 
this detection to the selector 35. 
[0206] An input signal attenuator 1 8 can attenuate the 
main signal as an input signal on the basis of control 
infonnation supplied from a control circuit (control unit) 
38. The input signal attenuator 1 8 increases an attenu- 
ation quantity when a control voltage inputted thereto is 
small. 

[0207] A pilot signal attenuator 21 B can attenuate a 
pilot signal on the basis of control Infonnation supplied 
from the control circuit 38. The pilot signal attenuator 
21 B increases an attenuation quantity when a control 
voltage inputted thereto is small. 
[0208] As seen from the above description, the control 
circuit 38 controls the Input signal attenuator 1 8 and the 
pilot signal attenuator 21 B. The control circuit 38, there- 
fore, has a pilot signal attenuation quantity control circuit 
39 and a main signal attenuation quantity control circuit 
40. 

[0209] When the power-on reset drcurt 16C detects 
a start-up of a power source of a main amplifier 11 and 
the main signal detecting circuit 1 7C detects an input of 
the main signal, the pilot signal attenuation quantity con- 
trol circuit 39 so controls the pilot signal attenuator 21 B 
as to gradually decrease an attenuation quantity of the 
pilot signal. The pilot signal attenuation quantity control 
circuit 39 includes a pilot signal control unit 36 and a first 
time-constant circuit 37. 

[0210] When applied infonnation of a start-up of the 
power source from the power-on reset circuit 1 6C and 
detected infonnation of an Input of the main signal from 
the main signal detecting circuit 17C through a selector 
35, the pilot signal control unit (a first switch-type control 
circuit) 36 so controls, in coorporation with the first time- 
constant circuit 37, the pilot signal attenuator 21 B as to 
gradually decrease an attenuation quantity of the pilot . 
signal. The pilot signal control unit 36 includes two 
switches SWa and SWb. 

[021 1] When the main signal detecting circuit 1 7C de- 
tects an input of the main signal after the pilot signal 
attenuation quantity control circuit 39 has initiated an op- 
eration to decrease an attenuation quantity of the pilot 
signal, the main signal attenuation quantity control cir- 
cuit 40 so controls the input signal attenuator 1 8 as to 
gradually decrease an attenuation quantity of the main 
signal. The main signal attenuation quantity control cir- 



cuit 40. therefore, has an input signal control unit 33 and 
a second time-constant circuit 34. 
[021 2] The input signal control unit (a second switch- 
type control circuit) 33 is applied infonnation that a at- 

5 tenuatlon quantity of the pilot signal has been decreased 
by the pilot signal control unit 36 and the first time-con- 
stant circuit 37 and information of a start-up of the power 
source from the power-on reset circuit 16C through a 
selector 32. The Input signal control unit 33, in cooper- 

10 ation with the second time-constant circuit 34, so con- 
trols the input signal attenuator 18 as to gradually de- 
crease an attenuation quantity of the main signal. The 
input signal control unit 33 includes two switches SWa* 
and SWb\ 

15 [0213] Thecontrol unit 15C does not conduct a control 
of an attenuation quantities of the input signal attenuator 
1 8 and the pilot signal attenuator 21 B, but does control 
variable phase shifters 19,24 and variable attenuators 
20,25, as same as conventional feed-forward amplifiers. 

20 [0214] The feed-forward amplifier according to the 
four embodiment shown in FIG. 29 also has a distortion 
extracting loop circuit 13B and a distortion eliminating 
loop circuit 14 having the same functions as those in the 
feed-fonvard amplifier of the third embodiment, whose 

2s configurations and operations are quite the same as 
those of the third embodiment, detailed description of 
which is now skipped. 

[0215] Description will be next made of an operation 
of the feed-fonward amplifier according to the fourth em- 

30 bodiment, referring to a flowchart shown in FIG. 30 and 
the timechart for the second embodiment shown in 
FIGS. 27A through 27E, which has been refenred to in 
connection with the second embodiment hereinbefore. 
[0216] When the power source of the main amplifier 

35 11 is thrown-on by the power-on reset circuit 16 (Step 
CI in FIG. 30, referring to time A in FIGS. 27A through 
27C), the switches SWa.SWa' in the input signal control 
unit 33 and the pilot signal control unit 36 in the control 
circuit 38 are opened, while the switches SWb.SWb' are 

"to shorted (closed). A small voltage is applied to the Input 
signal attenuator 1 8 and the pilot signal attenuator 21 B 
to maximize attenuation quantities thereof (Step C2). 
[0217] At a point of time when the powersource of the 
main amplifier 11 is thrown-on, the pilot signal is being 

^5 outputted from a pilot signal generator 12. IHowever, a 
large attenuation quantity is set to the pilot signal atten- 
uator 21 B, an output signal of the amplifier is thus kept 
smaller than a spurious tolerable level (referring to time - 
A in FIG. 27B). 

50 [0218] Until the main signal detecting circuit 1 7C de- 
tects an input of the main signal, the control unit 15C 
controls the variable phase shifter 24 and the variable 
attenuator 25 to carry out a cancelling control of the pilot 
signal, while referring to detected infonnation of the pilot 

55 signal supplied from the pilot signal cancel detector 28 
(Step C3). 

[0219] When the main signal detecting circuit 1 7C de- 
tects an input of the main signal as an input signal (Step 
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C4 in FIG. 30), the switch SWa In the pilot signal control 
unit 36 is made shorted and the switch SWb is made 
opened, whereby an attenuation quantity of the pilot sig- 
nal attenuator 21 B is gradually decreased according to 
a time-constant of the first time-constant circuit 37 to in- 
put the pilot signal little by little to the main amplifier 11 
up to a limit level (Step C5). 

[0220] The control unit 15C controls the variable 

phase shifter 1 9 and the variable attenuator 20 to carry 
out the cancelling control of the main signal, referring to 
detected information of the main signal supplied from 
the main signal cancel detector 23 (Step C6). 
[0221] Then, the switch SWa* In the input signal con- 
trol unit 33 Is made shorted while the switch SWb' is 
made opened, whereby an attenuation quantity of the 
input signal attenuator 18 is gradually decreased ac* 
cording to a time-constant of the second time-constant 
circuit 34 down to a specified value (for example, a spu- 
rious power allowed by the Wireless Telegraphy Act) to 
input the main signal to the main amplifier 11 little by 
little (Step C7). 

[0222] When an attenuation quantity of the third time- 
constant circuit 34 reaches the specified value, the can- 
celling control of the pilot signal and the main signal, that 
Is. a feed-forward control, is successively carried out, 
as same as in processes at Step 3 and Step 6 (Step C8). 
[0223] As a result, attenuation quantities of the pilot 
signal attenuator 21 and the input signal attenuator 18 
become minimum (refem'ng to time C in FIGS. 27A and 
27C). The pilot signal and the main signal are outputted 
as an apparatus output in a stable condition (referring 
to time C in FIGS. 27B and 27D). Non-linear distortion 
components contained in the apparatus output are sup- 
pressed to a level sufficiently smaller than the tolerable 
level (referring to time C in FIG. 27E). 
[0224] According to the fourth embodiment, the con- 
trol circuit 38 provided in the front stage in the main am- 
plifier 1 1 controls outputs of the pilot signal and the main 
- - signal during the initial operation. It Is, thus, possible to 
reduce a loss in the course from the output of the main 
amplifier 11 to the apparatus output, further reduce a 
power consumption of the apparatus. It Is also possible 
to enable the initial operation of the feed-forward ampli- 
fier without unwanted waves above the specified value 
being outputted from the apparatus. 
[0225] In the feed-forward amplifier according to this 
embodiment, the pilot signal variable attenuator 21 B Is 
positioned in the main signal system, but the present 
invention is not limited to this example. It is possible to 
position the pilot signal variably attenuator 21 B, for ex- 
ample, somewhere on the side of the output of the pilot 
signal generator 12 branched from the main signal sys- 
tem in the front stage of the main amplifier 1 1 , as shown 
in FIG. 31. 

(0 Description of Fifth Embodiment: 

[0226] FIG. 32 is a block diagram of a feed>forward 



amplifier according to a fifth embodiment of this inven- 
tion. The feed-forward amplifier according to the fifth 
embodiment shown in FIG. 32 has a feature that a con- 
trol over an input signal attenuator 1 8 and an pilot signal 
5 attenuator 21 is earned out by, not a software but a hard- 
ware, as same as the feed-fonvard amplifier according 
to the fourth embodiment, except for the mode of the 
control. 

[0227] Reference numeral 1 60 denotes a power-on 
10 reset circuit as a power source start-up detecting 
means. The power-on reset circuit 1 6C detects a start- 
up of the power source of a main amplifier 11 , and out- 
puts a signal to selectors 32,35, which will be described 
later. 

15 [0228] Reference numeral 1 7C denotes a main signal 
detecting circuit as a main signal detecting means. The 
main signal detecting circuit 1 7C detects an input of a 
main signal as an input signal, and outputs it to the se- 
lector 32. 

20 [0229] An input signal attenuator 1 8 can attenuate the 
main signal as an input signal on the basis of control 
infomiation supplied from a control circuit (control unit) 
38D. The Input signal attenuator 18 Increases an atten- 
uation quantity of the main signal when an inputted con- 

25 trol voltage Is small. 

[0230] A pilot signal attenuator 21 B can attenuate an 
attenuation quantity of a pilot signal on the basis of the 
control information supplied from the control circuit 38D. 
The pilot signal attenuator 21 B increases an attenuation 

30 quantity of the pilot signal when an input control voltage 
is small. 

P)231] Reference numeral 38D denotes the control 

circuit (a control unit), as described above. The control 
circuit 38D controls the input signal attenuator 18 and 

35 the pilot signal attenuator 21 B, including a pilot signal 
attenuation quantity control circuit 39D and a main sig- 
nal attenuation quantity control circuit 40D. 
[0232] When a power-on reset circuit 1 6C through the 
selector 35 detects a start-up of a power source of a 

40 main amplifier 11, the pilot signal attenuation quantity 
control circuit 39D so controls the pilot signal attenuator 
21 B as to gradually decrease an attenuation quantity of 
the pilot signal. The pilot signal attenuation quantity con- 
trol circuit 39D includes a pilot signal control unit 36 and 

45 the first time-constant circuit 37. 

[0233] With receipt of infonnation of a start-up of the 
power source from the power-on reset circuit 1 6C, the 
pilot signal control unit (a first switch-type control circuit) 
36, in cooperation with the first time-constant circuit 37, 

50 so controls the pilot signal atten uator 2 1 B as to gradually 
decrease an attenuation quantity of the pilot signal. The 
pilot signal control unit 36 has two switches SWa and 
SWb. 

[0234] When the main signal detecting circuit 1 7C de- 
55 tects an input of the main signal after the pilot signal 
attenuation quantity control circuit 39 has initiated an op- 
eration to decrease an attenuation quantity of the pilot 
signal, the main signal attenuation quantity control cir- 
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cuit 40D so controls the input signal attenuator 18 as to 
gradually decrease an attenuation quantity of the main 
signal. The nnain signal attenuation quantity control cir- 
cuit 40D has an input signal control circuit 33 and a sec- 
ond time-constant circuit 34. 

[0235] If the main signal detecting circuit 1 7C detects 
an Input of the main signal before an attenuation quan- 
tity of the pilot signal decreased by the pilot signal at- 
tenuation quantity control circuit 39D falls below a pre- 
detemnined value, the main signal attenuation quantity 
control circuit 40D so controls the main signal attenuator 
1 8 as to gradually decrease an attenuation quantity of 
the main signal after an attenuation quantity of the pilot 
signal decreased by the pilot signal attenuation quantity 
control circuit 39D has dropped below the predeter- 
mined value. 

[0236] More specifically, when applied information 
that an attenuation quantity of the pilot signal has been 
dropped by the first switch-type control circuit 36 and 
the first time-constant circuit 37 and infomiation that the 
power source has started from the power-on reset circuit 
1 6C through the selector 32, an Input signal control unit 
(a second switch-type control circuit) 33 so controls, in 
cooperation with the second time-constant circuit 34, 
the input signal attenuator 18 as to gradually decrease 
an attenuation quantity of the main signal. The input sig- 
nal control unit 33 has two switches SWa' and SWb*. 
[0237] The control unit 1 5C does not control the input 
signal attenuator 1 8 and the pilot signal attenuator 21 B, 
but does control variable phase shifters 1 9,24 and var- 
iable attenuators 20.25, as same as in the conventional 
amplifiers. 

[0238] The feed-forward amplifier shown in FIG. 32 is 
provided with a distortion extracting loop circuit 1 3B and 
a distortion eliminating loop circuit 14 having the same 
functions as those in the feed-fon/vard amplifier accord- 
ing to the third and fourth embodiment mentioned here- 
inbefore, whose configurations and operations are quite 
— the same as those of the third and fourth embodiment 
having been described hereinbefore, detail description 
of which is now skipped. 

[0239] The feed-forward amplifier according to the 
fifth embodiment of this Invention with the above config- 
uration operates as Illustrated in a flowchart in FIG. 33 
and the timechart in FIGS. 8A through 8E, which has 
been referred to In connection with the first embodiment. 
[0240] When the power-on reset circuit 1 6 throws the 
power source of the main amplifier 11 to 'on' Step D1 in 
FIG. 33, refemngto time E in FIGS. 8A through BC), the 
switches SWa.SWa' of the input signal control unit 33 
and the pilot signal control unit 36 in the control circuit 
38D are opened, while the switches SWb.SWb' are 
shorted (closed) to maximize attenuation quantities of 
the input signal attenuator 18 and the pilot signal atten- 
uator 21 B by applying a small voltage thereto (Step 02). 
[0241] Until the main signal detecting circuit 1 7C de- 
tects an input of the main signal as an input signal, the 
control unit 15C controls the variable phase shifter 24 



and the variable attenuator 25 to carry out a cancelling 
control of the pilot signal, referring to detected informa- 
tion of the pilot signal supplied from the pilot signal can- 
cel detector 28 (Step D3). 

5 [0242] Next, the switch SWa of the pilot signal control 
unit 36 is shorted (closed), white the switch SWb is 
opened, whereby an attenuation quantity of the pilot sig- 
nal attenuator 21 B is gradually decreased according to 
a time constant of the first time-constant circuit 37 to 

10 input the pilot signal to the main amplifier 1 1 little by little 
up to a specified level (Step D4). 
[0243] When the main signal detecting circuit 1 7C de- 
tects an input signal (Step D5), the control circuit 15C 
controls the variable phase shifter 1 9 and the variable 

15 attenuator 20 to carry out the cancelling control of the 
main signal, refening to detected infomiation of the main 
signal supplied form the main signal cancel detector 23 
(Step D6). 

[0244] After that, the switch SWa' of the input signal 

20 control unit 33 Is shorted (closed) , while the switch SWb' 
is opened so as to gradually decrease an attenuation 
quantity of the Input signal attenuator 18 according to a 
time constant of the second time-constant circuit 34 up 
to a specified value, inputting the main signal to the main 

2S amplifier 11 little by little (Step D7). 

[0245] When an attenuation quantity of the second 
time-constant circuit 34 reaches the specified value, the 
cancelling control of the pilot signal and the main signal, 
that is a feed-forward control, is successively carried 

30 out, as same as the process at Steps C3 and C6 de- 
scribed hereinabove (Step D8). 
[0246] As a result, attenuation quantities of the pilot 
signal attenuator 21 and the input signal attenuator 18 
become minimum (referring to time H in FIGS. 8A and 

35 BC). 

[0247] However, the pilot signal and the main signal 
as an apparatus output are outputted In a stable state 
(referring to time H in FIGS. 8B andSD). Non-linear dis- 
tortion components contained in the apparatus output 
40 are suppressed to a level sufficiently lower than a toler- 
able level (referring to time H In FIG. 8E). 
[0248] If the main signal is inputted during the process 
at Step 04, that Is, before the cancelling control on the 
pilot signal Is completed, a process at Step D6 and Step 
D7, that is, the feed-fon«vard process, is Initiated, not im- 
mediately but after completion of the cancelling control 
of the pilot signal. 

[0249] in the feed-forward amplifier according to the - . 
fifth embodiment, it is possible to execute the attenua- 
tion control of the pilot signal immediately after a start- 
up of the power source, in consequence, the feed-for- 
ward amplifier of the fifth embodiment has an advan- 
tage, in addition to the advantages of the fourth embod- 
iment, that it is possible to reduce a time period required 
from the signal Input to a stable feed-forward control, 
since an operation of only the Input signal attenuator 18 
is necessary when the signal is inputted. 
[0250] In the feed-fonvard amplifier according to the 
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fifth embodiment, the pilot signal variable attenuator 
21 B is positioned in a part on the side of the output of 
the pilot signal generator 1 2 branched from the main sig- 
nal path in the front stage of the main amplifier 11 . How- 
ever, the present invention is not limited to the above s 
example, it is possible to position the pilot signal variably 
attenuator 21 B in the main signal system as shown in 
FIG. 34. 

(g) Others io 

[0251] It is possible to apply the models according to 
the modifications of the first embodiment described be- 
fore to each model according to the second through fifth 
embodiments . In which case, the same effects are avail- 
able. 

Clainis 

20 

1 . Feed-forward amplifier, comprising: 

a main amplifier (1,11) amplifying a main signal 
in a main signal path, 

25 

a distortion extracting loop circuit (3, 1 3) in said 
main signal path, having an input to receive 
said main signal and for 

- supplying a pilot signal fed from a pilot signal so 
generator (2,12) to said main signal path in a 
first stage of the main amplifier and 

generating from the main signal branched from 
the main signal path at the input of the distortion 3s 
extracting loop (3, 13) a main signal cancelling 
signal and 

a distortion eliminating loop circuit (4, 14) also 
in said main signal path and for 40 

producing a signal in which said main signal 
has been cancelled, leaving only the pilot signal 
and distortion components generated in the 
main amplifier, by feeding to a first composing 
point 

the signal from the main signal path at the out- 
put of said main amplifier (1,11) and 

50 

said main signal cancelling signal fed from said 
distortion extracting loop circuit (3, 1 3), 
wherein the phase of the main signal cancelling 
signal being inverted and its magnitude being 
the same as the main signal from the main sig- ss 
nal path fed to the composing point and 

obtaining and outputting the amplified main sig- 



nal by cancelling the pilot signal and distortion 
components generated in the main amplifier 
from the signal in said main signal path in the 
last stage of said main amplifier (1, 11) using 
said signal in which said main signal has been 
cancelled, 

characterized by 

a pilot signal variably attenuating unit (5, 21 ) at- 
tenuating said pilot signal supplied to said main 
signal path in said first stage of said main am- 
plifier (1, 11): 

a main signal variably attenuating unit (6, 18) 
attenuating said main signal in said main signal 
path before said distortion extracting loop (3, 
13); 

a power source start-up detecting means (8, 
16) detecting a start-up of a power source of 
said main amplifier (1,11); 

a main signal detecting means (9, 1 7) detecting 
an input of said main signal; and 

a control unit (7, 15) for 

controlling said pilot signal variably attenuating 
unit (5, 21) so as to gradually decrease an at- 
tenuation quantity of the pilot signal using re- 
sults of detection by said power start-up detect- 
ing means (8, 16) and said main signal detect- 
ing means (9, 17) as timing information after a 
start-up of said power source of said main am- 
plifier (1, 11), and 

controlling said main signal variably attenuat- 
ing unit (6, 18) so as to gradually decrease an 
attenuation quantity of the main signal after 
said pilot signal variably attenuating unit (5, 21 ) 
has decreased an attenuation quantity of the 
pilot signal. 

2. Feed-foHA^ard amplifier according to claim 1 , cha^ 
acterized In that said pilot signal variably attenu- 
ating unit (5, 21 ) is disposed in said main signal path 
in the front stage of said main amplifier (1 , 11 ). 

3. Feed-fonward amplifier according to claim 1 , char- 
acterized in that said pilot signal variably attenu- 
ating unit (5, 21) is disposed In a part on a side of 
an output of said pilot signal generator (2, 12) 
branched from said main signal path in the front 
stage of said main amplifier (1,11). 

4. Feed-forward amplifier according to claim 1 , char- 
acterized In that said control unit (7. 15) compris- 
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es: 

a pilot signal attenuation quantity control 
means controlling said pilot signal variably at- 
tenuating unit (5, 21) so as to gradually de- 5 
crease an attenuation quantity of the pilot sig- 
nal when said power source start-up detecting 
means (8, 16) detects a start-up of said power 
source of said main amplifier (1, 11) and said 
main signal detecting means (9, 1 7) detects an io 
input of the main signal; and 

a main signal attenuation quantity control 
means controlling said main signal variably at- 
tenuating unit (6, 18) so as to gradually de- is 
crease an attenuation quantity of the main sig- 
nal after said pilot signal attenuation quantity 
control means has decreased an attenuation 
quantity of the pilot signal. 

20 

Feed-forward amplifier according to claim 1 , char- 
acterized in that said control unit (7, 15) compris- 
es: 

a pilot signal attenuation quantity control 
means controlling said pilot signal variably at- 
tenuating unit (5, 21) so as to gradually de- 
crease an attenuation quantity of the pilot sig- 
nal when said power source start-up detecting 
means (8» 1 6) detects a start-up of said power 30 
source of said main amplifier (1 , 11); and 

a main signal attenuation quantity control 
means controlling said main signal variably at- 
tenuating unit (6, 18) so as to gradually de- 35 
crease an attenuation quantity of the main sig- 
nal when said main signal detecting means (9, 
1 7) detects an input of the main signal after said 

pilot signal attenuation quantity control means 

has initiated an operation to decrease an atten- 40 
uatlon quantity of the pilot signal. 

Feed-forward amplifier according to claim 5, char- 
acterized In that if said main signal detecting 
means (9, 17) detects an input of the main signal <5 
before an attenuation quantity of the pilot signal de- 
creased by said pilot signal attenuation quantity 
control means drops below a predetermined value, 
said main signal attenuation quantity control means 
controls said main signal variably attenuating unit so 
(6, 18) so as to gradually decrease an attenuation 
quantity of the main signal after the attenuation 
quantity of the pilot signal decreased by said pilot 
signal attenuation quantity control means has 
dropped below the predetermined value. ss 

Feed-forward amplifier according to claim 1 , char- 
acterized In that said power source start-up detect- 



ing means (8, 16) is formed as a power-on reset 
circuit detecting a start-up of said power source of 
said main amplifier (1,11), said main signal detect- 
ing means (9, 1 7) is formed as a main signal detect- 
ing circuit detecting an input of the main signal, and 
said control unit (7, 15) comprises: 

a pilot signal attenuation quantity control circuit 
having a first switch-type control circuit and a 
first time-constant circuit, said pilot signal atten- 
uation quantity control circuit controlling said pi- 
lot signal variably attenuating unit (5, 21) so as 
to gradually decrease an attenuation quantity 
of the pilot signal when said power-on reset cir- 
cuit detects a start-up of said power source of 
said main amplifier (1,11) and said main signal 
detecting circuit detects an input of said main 
signal; and 

a main signal attenuation quantity control cir- 
cuit having a second switch-type control circuit 
and a second time-constant circuit, said main 
signal attenuation quantity control circuit con- 
trolling said main signal variably attenuating 
unit (6, 1 8) so as to gradually decrease an at- 
tenuation quantity of the main signal after said 
pilot signal attenuation quantity control circuit 
has decreased an attenuation quantity of the 
pilot signal. 

8. Feed-forward amplifier according to claim 1 , char- 
acterized In that said power source start-up detect- 
ing means (8, 1 6) is fonned as a power-on reset 
circuit detecting a start-up of said power source of 
said main amplifier (1 , 11), said main signal detect- 
ing means (9, 1 7) is formed as a main signal detect- 
ing circuit detecting an input of the main signal, and 
said control unit (7, 15) comprises: 

a pilot signal attenuation quantity control circuit 
having a first switch-type control circuit and a 
first time-constant circuit, said pilot signal atten- 
uation quantity control circuit controlling said pi- 
lot signal variably attenuating unit (5, 21 ) so as 
to gradually decrease an attenuation quantity 
of the pilot signal when said power-on reset cir- 
cuit detects a start-up of said power source of 
said main amplifier (1 , 11 ); and 

a main signal attenuation quantity control cir- 
cuit having a second switch-type control circuit 
and a second time-constant circuit, said main 
signal attenuation quantity control circuit con- 
trolling said main signal variably attenuating 
unit (6. 18) to gradually decrease an attenua- 
tion quantity of the main signal when said main 
signal detecting circuit (9, 17) detects an input 
of the main signal after said pilot signal attenu- 
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ation quantrty control circuit lias initiated an op- 
eration to decrease an attenuation quantity of 
the pilot signal. 

9. Feed-f onward amplifier according to claim 8, char- 5 
acterfzed in that if said main signal detecting circuit 

(9, 1 7) detects an input of the main signal before an 
attenuation quantity of the pilot signai decreased by 
said pilot signal attenuation quantity control circuit 
drops below a predetermined value, said main sig- io 
nal attenuation quantity control circuit controls said 
main signal variably attenuating unit (6, 1 8) so as 
to gradually decrease an attenuation quantity of the 
main signal after the attenuation quantity of the pilot 
signal decreased by said pilot signal attenuation is 
quantity control circuit has dropped below the pre- 
detenrtined value. 

10. Feed-forward amplifier according to claim 1 , char- 
acterized in that said main signal detecting means 20 
(9, 17) comprises: 

an input signal detecting means detecting an 
input signal to the front stage of said main am- 
plifier (1, 11); and 25 

a judging means judging an Input of the main 
signai when the input signal detected by said 
input signal detecting means exceeds a first ref- 
erence value set to a level smaller than a level 30 
of the Input signal at the time of a minimum In- 
put. 

11. Feed-forward amplifier according to claim 1 , char- 
acterized in that said main signal detecting means 3s 
(9, 17) comprises: 

an output signal detecting means detects an 
- • * - - output signal from a rear stage of said main am- 
plifier; and 40 

a judging means judging an input of the main 
signal when the output signal detected by said 
output signal detecting means exceeds a sec- 
ond reference value set to a level smaller than 45 
a level of the output signal at the time of a min- 
imum input. 

12. Feed-forward amplifier according to claim 1 , char- 
acterized in that said main signal detecting means so 
(9» 1 7) comprises: 

a main signal cancelling signal detecting 
means detects a main signal cancelling signal 
fed from said distortion extracting loop circuit ss 
(3, 13); and 

a judging means judging an input of the main 



signal when the main signal cancelling signal 
detected by said main signal cancelling signal 
detecting means exceeds a third reference val- 
ue set to a level smaller than a signal cancelling 
marginal level at the time of a minimum input. 



PatentansprQche 

1 . Vonvartsschubverstarker, umfassend: 

einen Hauptverstarker (1 , 11) zum Verstarken 
eines Hauptsignals in einem Hauptsignalpfad, 

eine Verzerrungsauskopplungsschleifenschal- 
tung (3, 13) in dem Hauptsignatpfad, mit einem 
EIngang zum Empfang des Hauptsignals und 
zum 

Bereitstellen eines PItotsignals, zugefuhrt 
von einem Pilotsignalgenerator (2, 12), an 
den Hauptsignalpfad in einer ersten Stufe 
des Hauptverstarkers, und 

Erzeugen aus dem Hauptslgnai, abge- 
zwelgt aus dem IHauptsignalpfad an dem 
Eingang der Verzerrungsauskopplungs- 
schieife (3, 13), eines Hauptsignalaus- 
ioschsignais, und 

eine Verzerrungsausldschschlelfenschaltung 
(4, 14), ebenfalls in dem Hauptsignatpfad, und 
zum 

Erzeugen eines Signals, in dem das 
Hauptslgnal ausgeldscht ist, unter ZurOck- 
lassung von nur dem Pilotsignal und Ver- 
zerrungskomponenten, in dem Hauptver- 
starker erzeugt, durch Zufuhrenzu einem 
ersten Erstellungspunkt 

das Signal von dem Hauptsignalpfad an 
dem Ausgang des Hauptverstarkers (1,11) 
und 

das Hauptslgnalausldschslgnal, zugefDhrt 
von der Verzerrungsauskopplungsschlei- 
fenschaltung (3, 13), 

wobei die Phase des Hauptslgnalausldschsi- 
gnals Invertlert ist, und dessen GroBe die glei- 
che ist, wie die des Hauptsignals von dem 
Hauptsignalpfad, zugefuhrt zu dem Erstel- 
lungspunkt, und 

Eriangen und Ausgeben des verst&rkten 
Hauptsignals durch Ausldschen des Pilotsi- 
gnals und von Verzerrungskomponenten, die in 
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dem Hauptverstarkererzeugtsind, von dem Si- 4. 
gnal in dem Hauptsignalpfad in der letzten Stu- 
fe des Hauptverstarkers (1,11), unter Verwen- 
dung des Signals, in dem das Hauptsignal aus- 
geloschtwurde, 5 

gekennzelchnet durch 

eine Pilotsignal-Varlabeldampfungseinheit (5, 
21), die das Pilotsignal d§mpft, das zu dem io 
Hauptsignaipfad in der ersten Stufe des l-faupt- 
verstSrkers (1,11) geliefert ist; 

eine Hauptslgnalvariabeldampfungsschaitung 
(6, 1 8), die das Hauptsignal in dem Hauptsignal 15 
vor der Verzenungsauskopplungsschleife (3, 
13)dampft; 

eine Energiequellenstart-Erfassungseinrich- 
tung (8, 1 6), die ein Anschalten einer Energle- 20 
quelle des Hauptverstarkers (1,11) erfasst; 

eine Hauptsignal- Erf assungseinrrchtung (9, 

1 7), die eine Eingabe des Hauptsignals erfasst; 5. 

und 25 

eine Steuereinheit (7, 1 5) zum 

Steuern der Pilotsignal-Variabeldampfungsein- 
helt (5, 21), um so graduell eine Dampfungs- 30 
quantltdt des Pilotslgnals zu vemilndem, unter 
Verwendung von Erfassungsergebnissen von 
der Energieanschalterfassungseinrichtung (8, 
16) und der Hauptsignaierfassungseinrichtung 
(9, 1 7), als Zeitvorgabeinformation nach einem 35 
Anschalten der Energiequelle des Hauptver- 
starkers (1, 11), und 

Steuern der Hauptsignal-Variabeldampfungs- 

einheit (6, 1 8), um so graduell eine Dampf ungs- 40 
quantitdt des Hauptsignals zu vennindern, 
nachdem die Pilotsignal-Variabeldampfungs- 
einhelt (5, 21) eine Dampfungsquantitdtdes Pi- 
lotslgnals vemnindert hat. 

45 

Ein Vorw&lsschubverstarker nach Anspruch 1 , da- 
durch gekennzelchnet, dass die Pilotsignal-Va- 

riabeldampfungseinheit (5, 21) in dem Hauptsignal- 6. 
pfad In der vorderen Stufe des Hauptverstarkers (1 , 
11)angeordnetist. so 

Vorwdrtsschubverstdrker nach Anspruch 1, da- 
durch gekennzelchnet, dass die Pilotsignat-Va- 
riabeldampfungseinhelt (5, 21) in einem Teit auf ei- 
ner Selte eines Ausgangs des Pilotsignalgenera- ss 
tors (2, 12) angeordnet ist, abgezwelgt von dem 
Hauptsignalpfad In der vorderen Stufe des Haupt- 
verstarkers (1, 11). 



Vonivartsschubverstarker nach Anspruch 1, da- 
durch gekennzelchnet, dass die Steuereinheit (7, 
15) umfasst: 

eine Pilotsignaldampfungsquantitat-Steuereln- 
richtung zum Steuern der Pilotsignal-Variabel- 
dampfungseinhert (5, 21), um so graduell eine 
D§mpfungsquantltat des Pilotslgnals zu ver- 
mindem, wenn die Energlequellenanschalt-Er- 
fassungseihrichtung (8, 1 6) ein Anschalten der 
Energiequelle des Hauptverstarkers (1 , 11) er- 
fasst, und die Hauptslgnalerfassungseinrich- 
tung (9, 17) eine Eingabe des Hauptsignals er- 
fasst; und 

eine Hauptsignald&npfungsquantft&t-Steuer- 
einrichtung zum Steuern der Hauptsignal-Va- 
riabeldampfungselnhelt (6, 1 8), um so graduell 
eine DSmpfungsquantitat des Hauptsignals zu 
vennindern, nachdem die PilotsignaldSmp- 
fungsquantitat-Steuereinrichtung eine Damp- 
fungsquantitat des Pilotslgnals vennindert hat. 

Vonvartsschubverstarker nach Anspruch 1, da- 
durch gekennzelchnet, dass die Steuereinheit (7, 
15) umfasst: 

eine Pllotslgnaldampfungsquantitat-Steuereln- 
richtung zum Steuern der Pilotsignal-Variabel- 
dampfungseinheit (5, 21), um so graduell eine 
Ddmpfungsquantitdt des Pilotslgnals zu ver- 
mindem, wenn die Energrequellenanschalt-Er- 
fassungseinrichtung (8, 16) ein Anschalten der 
Energiequelle des Hauptverstarkers (1 , 11) er- 
fasst; und 

eine HauptsignaldSmpfungsquantitat-Steuer- 
einrichtung zum Steuern der Hauptsignal-Va- 
- riabeldampfungseinheit (6,1 8), um so graduell 
eine DSmpfungsquantitat des Hauptsignals zu 
vermlndern, wenn die Hauptslgnalerfassungs- 
elnrichtung (9, 17) eine Eingabe des Hauptsi- 
gnals erfasst, nachdem die Pllotsignaldamp- 
fungsquantit&t-Steuerelnrtehtung einen Be- 
trieb begonnen hat, um eine Oampfungsquan- 
titSt des Pilotslgnals zu venrnindem. 

Vorwartsschubverstarker nach Anspruch 5, da- 
durch gekennzelchnet, dass, falls die Hauptsl- 
gnalerfassungseinrichtung (9, 17) eine Eingabe 
des Hauptsignals erfasst, bevor eine Dampfungs- 
quantltdt des Pilotslgnals, vemnindert durch die Pl- 
lotslgnaldSmpfungsquantltSt-Steuereinrichtung, 
unterhalb einen vorgegebenen Wert f allt, die Haupt- 
signald&mpfungsquantitat-Steuereinrichtung die 
Hauptslgnal-Variabeld&mpfungselnheit (6, 18) so 
steuert. dass graduell eine Dgmpfungsquantitat 
des Hauptsignals vermlndert wlrd, nachdem die 
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Dampfungsquantitat des Pilotsignals, vermindert 
durch die Pilotsignaldampfungsquantitat-Steuer- 
einilchtung, unter den vorgegebenen Wert gefalien 
ist. 

5 

Vorwartsschubverstarker nach Anspruch 1, da- 
durch gekennzeichnet, dass die Energiequellen- 
ansciialt'Erfassungseiniichtung (8, 1 6) als eine En- 
ergie-An-RQcl(setzschaltung ausgebildet ist, dieein 
Anschalten der Energlequelle des Hauptverstar- io 
leers (1, 11) erfasst, wobei die Hauptsignalerfas- 
sungseinrichtung (9, 17) afs eine Hauptsignalerfas- 
sungsschaltung ausgebildet ist, die eine Eingabe 
des Hauptsignals erfasst, und die Steuereinheit (7, 
15) umfasst: is 

eine Pilotsignaldampfungsquantitat-Steuer- 
schaltung mit einem ersten schalterartigen 
Steuerl<reis und einer ersten Zeitkonstante- 
Schaltung aufweist, wobei die Pilotsignaldamp- 20 
fungsquantitat-Steuerschaltung die Pilotsl- 
gnat-VariabeidSmpfungseinheit (5, 21) sosteu- 
ert, dass eine Dampfungsquantitat des Pllotsi- 
gnals graduell vermindert wird, wenn die Ener- 
gie-An-Rucksetzschaitung ein Anschalten der 25 
Energlequelle des IHauptverstarkers (1 , 11) er- 
fasst, und die Hauptsignalerfassungsschaltung 
eine Eingabe des Hauptsignals erfasst; und 

eine l-iauptsignaldampfungsquantitat-Steuer- 30 
schaltung mit einem zweiten schalterartigen 
Steuerkreis und einer zweiten Zeitkonstante- 
Schaltung, wobei die Hauptsignaidampfungs- 
quantitat-Steuerschaltung die Hauptsignal-Va- 
riabeldampfungseinheit (6, 1 8) so steuert, dass 35 
eine Dampfungsquantitat des Hauptsignals 
graduell vermindert wird, nachdem die Pilots!- 
gnaldSmpfungsquantitat-Steuerschaltung eine 
Dampfungsquantitat des Pilotslgnals- vermin- 
dert hat. 40 

VorwSrtsschubverstarker nach Anspruch 1, da- 
durch gekennzeichnet, dass die Energiequellen- 
anschalt-Erfassungseinrichtung (8, 1 6) als eine En- 
ergie-An-Rucksetzschaltung ausgebildet ist, die ein 45 
Anschalten der Energlequelle des Hauptverstdr- 
kers (1.11) erfasst, die Hauptslgnalerfassungsein- 
richtung (9, 17) als eine Hauptsignalerfassungs- 
schaltung ausgebildet ist, die eine Eingabe des 
Hauptsignals erfasst, und die Steuereinheit (7, 15) so 
umfasst: 

eine PilotsignaldSmpfungsquantitat^Steuer- 
schaltung mit einem ersten schalterartigen 
Steuerkreis und einer ersten Zeitkonstante- ss 
Schaltung, wobei die Pilotsignalddmpfungs- 
quantltSt-Steuerschaltung die Pilotsignal-Va- 
riabelddmpfungseinheit (5, 21) steuert, um gra- 



duell eine Dampfungsquantitat des Pitotsignals 
zu vermindern, wenn die Energie-An-Ruck- 
setzschaltung ein Anschalten der Energlequel- 
le des Hauptverstarkers (1, 11) erfasst; und 

eine Hauptsignaldampfungsquantitat-Steuer- 
schaltung mit einem zweiten schalterartigen 
Steuerkreis und einer zweiten Zeitkonstante- 
Schaltung, wobei die Hauptsignaldampfungs- 
quantitat-Steuerschattung die Hauptsignalva- 
riabeldampf ungseinheit (6, 1 8) steuert, um gra- 
duell eine Dampfungsquantitat des Hauptsi- 
gnals zu vermindern, wenn die Hauptsignaler- 
fassungsschaltung (9, 17) eine Eingabe des 
Hauptsignals erfasst, nachdem die Pilots ignal- 
ddmpfungsquantitat-Steuerschaltung einen 
Betrieb begonnen hat, um eine Dampfungs- 
quantitat des Pitotsignals zu vemiindem. 

9. Vonvartsschubverstarker nach Anspruch 8, da- 
durch gekennzeichnet, dass, falls die Hauptsi- 
gnalerfassungsschaltung (9, 17) eine Eingabe des 
Hauptsignals erfasst, bevor eine Dampfungsquan- 
titat des Pilotsignals, vermindert durch die Pi lots ig- 
naldampfungsquantitat-Steuerschaltung, unter- 
halb einen vorgegebenen Wert fallt, die Hauptsig- 
naldampfungsquantitat-Steuerschaltung die 
Hauptsignal-Variabeldampfungseinheit (6, 1 8) 
steuert, um graduell eine Dampfungsquantitat des 
Hauptsignals zu vennindern, nachdem die Damp- 
fungsquantitat des Piiotsignals. venmindert durch 
die Pilotsignaldampfungsquantitat-Steuerschal- 
tung, unter den vorgegebenen Wert gefalien ist. 

10. Vonwdrtsschubverstarker nach Anspruch 1, da- 
durch gekennzeichnet, dass die Hauptsignaler- 
fassungseinrichtung (9, 17) umfasst: 

eine Eingabesignalerfassungseinrichtung-, die 
ein Eingabesignal an die vordere Stufe des 
Hauptverstdrkers (1,11) erfasst; und 

eine Beurteilungsvon^ichtung, um eine Eingabe 
des Hauptsignals zu beurteilen, wenn das Ein- 
gabesignal, erfasst durch die Eingabesignaler- 
fassungseinrk^htung, einen ersten Referenz- 
wert Oberschreitet, auf ein Niveau eingesteitt, 
das kleiner als ein Niveau des Eingabesignats 
zum Zeitpunkt einer Minimaleingabe ist. 

11. Vonvartsschubverstarker nach Anspruch 1, da- 
durch gekennzeichnet, dass die Hauptsignater- 
fassungseinrichtung (9, 1 7) umfasst: 

eine Ausgabesignalerfassungseinrbhtung, 
zum Erfassen eines Ausgabeslgnals von einer 
ruckwartigen Stufe des Hauptverstarkers; und 
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eine Beurteilungseinrichtung, zum Beurteilen 
einer Eingabe des Hauptsignats, wenn das 
Ausgabeslgnal, erfasst durch die Ausgabesi- 
gnalerfassungseinrichtung, einen zweiten Re> 
ferenzwert iiberschreitet, eingesteilt auf ein Ni- s 
veau, das kleiner als ein Niveau des Ausgabe- 
signals zu einem Zettpunkt einer Mlnimaieinga- 
be ist. 

12. Vorwartsschubverstarker nach Anspruch 1, da- 
durch gekennzeichnet, dass die Hauptsignaler- 
fassungseinrichtung (9, 17) umfasst: 

eine IHauptsignalausloschsignal-Erfassungs- 
einrichtung, um ein IHauptsignalausloschsignal is 
zu erfassen, zugefQhrt von der Verzenrungs- 
auskopptungsschleifenschattung (3, 13); und 

eine Beurteiiungseinrichtung zum Beurteilen 
einer Eingabe des iHauptsignals, wenn das 20 
durch die iHauptsignalausioschslgnal-Erfas* 
sungseinrichtung erfasste l-lauptsignalaus- 
Idschsignal einen dritten Referenzwert uber- 
schreitet, eingesteilt auf ein Niveau, das kleiner 
als ein Signalausldschmarginalniveau zum 25 
Zellpunkt einer Minimaleingabe ist. 

Revendications 

30 

1 . Amplif icateur k retroaction positive, comprenant : 

un amplif icateur principal (1, 11) qui amplifie un 
signal principal dans un trajet du signal princi- 
pal, 35 
un circuit (3, 13) k boucle d'extraction de dis- 
torsion plac^ dans ie trajet du signal principal, 
ayant une entree destin^e k recevoir Ie signal 
principal et destind — 

40 

k transmettre un signal pilote provenant 
d'un g6n6rateurde signal de pilote (2, 12) 
au trajet du signal principal dans un pre- 
mier ^tage de I'amplifk^ateur principal, et 
k cr6er, k partir du signal principal d6riv6 
du trajet du signal principal k I'entr^e de la 
boucle (3, 13) d'extraction de distorslon 
d'un signal decompensation du signal prin- 
cipal, et 

so 

un circuit (4, 14) k boucle d'^limination de dis- 
torslon place aussi dans Ie trajet du signal prin- 
cipal et destine 

k produire un signal dans lequel Ie signal ss 
principal a 6X6 compense et lalssant unl- 
quement Ie signal pilote et les composan- 
tes de distorslon cr66es dans I'ampllfica- 



teur principal, par transmission k un pre- 
mier point de composition, 
Ie signal provenant du trajet du signal prin- 
cipal k la sortie de Tamplificateur principal 
(l.ll).et 

Ie signal de compensation du signal prind- 
pal etant transmis au circuit (3, 1 3) k boucle 
d'extraction de distorslon, 

dans lequel la phase du signal de compensa- 
tion du signal principal est invers^e et son amplitu- 
de est la nD§me que celle du signal principal prove- 
nant du trajet du signal principal et transmis au point 
de composition, et 

I'obtention et la transmission du signal principal 
amplifie par compensation du signal pilote et 
des composantes de distorslon creees dans 
t'amplif icateur principal k partir du signal du tra- 
jet du signal principal dans Ie dernier etage de 
Tamplif icateur principal (1 , 11) §1 1'aide du signal 
dans lequel Ie signal principal a 6i6 compense, 

caracterlse par 

une unite (5, 21) d'attenuatlon variable du si- 
gnal pilote qui attenue Ie signal pilote transmis 
au trajet du signal principal dans Ie premier eta- 
ge de I'amplificateur principal (1, 11), 
une unite (6, 1 8) d'attenuation variable du si- 
gnal principal qui attenue Ie signal principal 
dans Ie trajet du signal principal avant ia boucle 
(3, 13) d'extraction de distorslon, 
un dispositif (8, 16) de detection de debut de 
fonctlonnement d'alimentation detectant ie de- 
but de fonctlonnement d'une alimentation de 
Tamplificateur principal (1, 11), 
un dispositif (9, 17) de detection d'un signal 
— - principal qui detecte une entree du signal prin- 
cipal, et 

une unite de commando (7, 15) destlnee 

k commander I'unlte (5, 21) d'attenuation 
variable du signal pilote af In que la quantite 
d'attenuation du signal pilote soit reduite 
progressivement k I'alde des resultats de 
la detection etfectuee par Ie dispositif (8, 

16) de detection de mise en fonctlonne- . 
ment d'alimentation et par Ie dispositif (9, 

1 7) de detection du signal principal comme 
infonnation de synchronisation aprds la mi- 
se en fonctlonnement de ralimentation de 
I'amplificateur principal (1, 11). et 

k commander I'unite (6, 18) d'attenuation 
variable du signal principal afin qu'une 
quantite d'attenuation du signal principal 
dimlnue progressivement aprks que I'unite 
(5, 21 ) d'attenuation variable du signal pi- 



26 



51 



EP 0 685 931 B1 



52 



lote a rddutt la quantity d'att^nuation du si- 
gnal pllote. 

Amplrficateur k retroaction positive selon la reven- 
dication 1 , caracteriseen cequel'unit^ (5, 21) d'at- 5 
t^nuation variable du signal pilote est plac6e dans 
le trajet du signal principal dans I'^tage avant de 
ramplificateur principal (1, 11). 

Amptlficateur h retroaction positive selon ta reven- io 
dication 1 , caracterlse en ce que i'unite (5, 21 ) d'at- 
t^nuatlon variable du signal pllote est dispos^e 
dans una partie plac^e d'un cdt6 d'une sortie du g^- 
n^rateur du signal pilote (2, 12) en derivation par 
rapport au trajet du signal principal dans retage 
avant de ramplificateur principal (1,11). 

Amplificateur k retroaction positive selon la reven- 
dication 1 , caracterlse en ee que I'unite de com- 
mande (7. 1 6) comprend : 20 

un disposltif de commande de la quantite d'at- 
tenuation du signal pilote qui commande I'unite 
(5, 21) d'attenuation variable du signal pilote 
pour reduire progressivement la quantite d'at- 25 
tenuation du signal pllote lorsque le disposltif 
(8, 1 6) de detection de mise en fonctionnement 
de I'alimentation detecte la mise en fonctionne- 
ment de I'alimentation de I'ampliflcateur princi- 
pal (1J 1 ) et le disposltif (9, 1 7) de detection du so 
signal principal detecte I'entree du signal prin- 
cipal, et 

un disposltif de commande de quantite d'atte- 
nuation du signal principal qui commande i'uni- 
te (6. 18) d'attenuation variable de signal prin- 3S 
cipal pour reduire progressivement la quantite 
d'attenuation du signal principal apres que le 
disposltif de commande de quantite d'attenua- 
tion-du signal pilote a reduit la quantite d'atte- 
nuation du signal pilote. 40 

Amplificateur k retroaction positive selon la reven- 
dication 1 , caracterlse en ce que I'unite de com- 
mande (7, 15) comprend : 

45 

un disposltif de commande de quantite d'atte- 
nuation de signal pllote qui commande I'unite 
. - (5, 21) d'attenuation variable du signal pilote , 
pour reduire progressivement la quantite d'at- 
tenuation du signal pilote lorsque ie disposltif so 
(8, 16) de detection de mise en fonctionnement 
de ralimentation detecte une mise en fonction- 
nement de Taiimentation de I'ampiificateur prin- 
cipal (1, 11), et 

un disposltif de commande de quantite d'atte- ss 
nuatlon du signal principal qui commande {'uni- 
te (6. 18) d'attenuation variable du signal prin- 
cipal pour reduire progressivement )a quantite 



d'attenuation du signal principal lorsque le dis- 
posltif (9, 17) de detection du signal principal 
detecte une entree du signal principal aprds 
que le disposltif de commande de quantite d'at- 
tenuation du signal pilote a lance une operation 
de reduction d'une quantite d'attenuation du si- 
gnal pllote. 

6. Amplificateur k retroaction positive selon la reven- 
dlcation 5, caracterlse en ce que, lorsque le dis- 
posltif (9, 1 7) de detection du signal principal detec- 
te une entree du signal principal avant qu'une quan- 
tite d'attenuation du signal pilote reduite par le dis- 
posltif de commande de quantite d'attenuation de 
signal pilote art diminue au-dessous d'une valeur 
predetennlnee, le disposltif de commande de quan- 
tite d'attenuation du signal pilote commande I'unite 
(6, 18) d'attenuation variable du signal principal 
pour reduire progressivement la quantite d'attenua- 
tion du signal principal apres que la quantite d'atte- 
nuation du signal pilote reduite par le disposltif de 
commande de quantite d'attenuation de signal pilo- 
te est tombee au-dessous de la valeur predetermi- 
nee. 

7. Amplificateur k retroaction positive selon la reven- 
dication 1 , caracterlse en ce que le disposltif (8, 
1 6) de detection de mise en fonctionnement de Tali- 
mentation est sous forme d'un circuit de reamne- 
ment a la mise sous tension qui detecte une mise 
en fonctionnement de ralimentation de ramplifica- 
teur principal (1 , 1 1 ), le disposltif (9, 1 7) de detection 
du signal principal est sous fomne d'un circuit de de- 
tection de signal principal qui detecte une entree du 
signal principal, et i'unite de commande (7, 15) 
comporte : 

un circuit de commande de quantite d'attenua- 
tion de signal pilote^yant un premier circuit de~ 
commande du type k commutation et un pre- 
mier circuit k constante de temps, le circuit de 
commande de quantite d'attenuation du signal 
pilote commandant I'unite (5, 21) d'attenuation 
variable du signal pilote pour reduire progres- 
sivement une quantite d'attenuation du signal 
pilote lorsque le circuit de rearmament k la mise 
sous tension detecte une mfse en fonctionne- 
ment-de l'alimentation de I'ampiificateur princi- 
pal (1, 11) et le circuit de detection de signal 
principal detecte une entree du signal principal, 
et 

un circuit de commande de quantite d'attenua- 
tion du signal principal ayant un second circuit 
de commande du type k commutation et un se- 
cond circuit k constante de temps, le circuit de 
commande de quantite d'attenuation de signal 
principal commandant I'unite (6, 18) d'attenua- 
tion variable du signal principal afin que la 
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quantity d'att^nuation du signal principal solt 
r6duite progresslvement apr&s que !e circuit de 
commande de quantity d'att^nuatlon du signal 
pilote a reduit la quantity d'att^nuation du signal 
pllote. 

8. Amplificateur k retroaction positive selon la reven- 
dlcation 1 , caracterlse en ce que le dispositif (8, 
1 6) de detection de mise en fonctionnement de I'ail- 
mentation est fonn6 par un circuit de r^armement 
k la mise sous tension qui d§tecte la mise en fonc- 
tionnement de raiimentation de rampfiflcateur prin- 
cipal (1, 11), le dispositif (9, 17) de detection du si- 
gnal principal est formd par un circuit de detection 
du signal principal qui d^tecte une entr6e du signal 
principal, etl'unit^decomnnande (7, 15)comprend : 



9. Amplificateur k retroaction positive selon la reven- 
dlcation 8, caract6rlse en ce que, si le circuit (9, 
1 7) de detection du signal principal ddtecte une en- 
tree du signal principal avant qu'une quantite d'at- 
tenuation du signal pilote reduite par le circuit de 
commande de quantite d'attenuatlon du signal pilo- 
te alt dimlnue au-dessous d'une valeur predetemii- 
nee, le circuit de commande de quantite d'attenua- 
tlon du signal principal commande I'unite (6, 18) 
d'attenuatlon variable du signal principal pour redui- 
re progresslvement une quantite d'attenuatlon du 
signal principal aprds que la quantite ^attenuation 
du signal pilote reduite par le circuit de commande 
de quantite d'attenuatlon de signal pilote a dimlnue 



10 



15 



un circuit de commande de quantite d'attenua- 
tlon du signal pilote ayant un premier circuit de 
commande du type k commutation et un pre- 20 
mier circuit k constante de temps, le circuit de 
commande de quantite d'attenuatlon du signal 
pilote commandant I'unlte (5, 21) d'attenuatlon 
variable du signal pilote pour reduire progres- 
slvement une quantite d'attenuatlon du signal 25 
pilote lorsque le circuit de reamnement k la mise 
sous tension detecte une mise en fonctionne- 
ment de raiimentation de Tamplificateur princi- 
pal (1,11), et 

un circuit de commande de quantite d'attenua- 30 
tlon du signal principal ayant un second circuit 
de commande du type k commutation et un se- 
cond circuit h constante de temps, le circuit de 
commande de quantite d'attenuatlon du signal 
principal commandant I'unlte (6, 1 8) d'attenua- 35 
tion variable du signal principal pour reduire 
progresslvement une quantite d'attenuatlon du 
signal principal lorsque le circuit (9, 17) de de- 
tection du signal-principal detecte une entree 

du signal principal aprds que le circuit de com- 40 
mande de quantite d'attenuatlon du signal pilo- 
te a declenche une operation de reduction 
d'une quantite d'attenuatlon du signal pilote. 



45 



au-dessous de la valeur predetennlnee. 

10. Amplificateur k retroaction positive selon la reven- 
dtcation 1 , caracterlse en ce que le dispositif (9, 
1 7) de detection du signal principal comprend : 

un dispositif de detection de signal d'entree qui 
detecte un signal d'entree de retage avant de 
I'amplificateur principal (1, 11), et 
un dispositif de Jugement d'une entree du signal 
principal lorsque le signal d'entree detecte par 
le dispositif de detection du signal d'entree de- 
passe une premiere valeur de reference etablie 
k un niveau inferieur au niveau du signal d'en- 
tree au moment du signal minimal d'entree. 

11. Amplificateur k retroaction positive selon la reven- 
dication 1, caracterlse en ce que le dispositif (9, 
1 7) de detection du signal principal comprend : 

un dispositif de detection de signal de sortie qui 
detecte un signal de sortie d'un etage amere 
de I'amplificateur principal, et 
un dispositif de jugement d'une entree du signal 
principal lorsque le signal de sortie detecte par 
le dispositif de detection de signal de sortie de- 
passe une seconde valeur de reference etablie 
kun niveau inferieur au niveau du signal de sor- 
tie au moment d'une entree minimale. 

12. Amplificateur k retroaction positive selon la reven- 
dication 1 , caracterlse en ce que le dispositif (9, 
17) de detection du signal principal comprend : 

un dispositif de detection de signal de compen- 
sation du signal principal qui detecte un signal 
de compensation de signal principal transmis 
par le circuit (3,13)^ boucle d'extraction de dis- 
-torsion, et- - - — - 

un dispositif de jugement d'une entree du signal 
principal lorsque le signal de compensation du 
signal principal detecte par le dispositif de de- 
tection du signal de compensation du signal 
principal depasse une troisieme valeur de refe- 
rence etablie k un niveau inferieur & un niveau 
marginal de compensation de signal au mo- 
ment d'un signal d'entree minimal. 
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